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NORMAL OCCLUSION - A THREE-DIMENSIONAL ANALYSIS
Introduction
When an orthodontist thinks of ideal dental arches, he envisions a
set of teeth positioned in space along two smooth and continuous arcs.
His concept is a three-dimensional one. Yet, if asked to describe just
one arch, he will likely do so in a piece-meal fashion. He can describe
and, perhaps, give some measurements for two-dimensional projections of
this arch. He can mention the curves of Spee and Monson, but can give
only a qualitative description of their magnitudes.
His abilities to describe normal skeletal form are similarly hamper-
ed. The same two-dimensional radiographic projections he uses to diagnose
malposed skeletal landmarks, tend to color his perceptions of skeletal
form. He frequently thinks in terms of the projections rather than of
the three-dimensional bony structure. To date he has no means of describ-
ing his three-dimensional ideal in a three-dimensional sense.
1
2Literature Review
Numerous descriptions of the ideal arrangement for the human denti-
tion are in the dental literature. One of the earliest and most
comprehensive of these is found in Edward Angle'sl classic paper,
"Classification of Malocclusion." He realized that a clear definition
of ideal occlusion and arch form were prerequisite to classifying, or
even recognizing, malposed dentitions. His abstraction of the dental
arch, namely the "line of occlusion," was a three-dimensional one. It
2
certainly included the natural curve described by Spee some years ear-
lier, but was inadequate to express the curvature created by successive
3
buccal or lingual angulations of individual teeth, the curve of Monson •
More modern investigators have brought to focus the biological con-
tributions of bone, teeth and soft tissues to that "biologically deter-
mined curve along and within which teeth may be considered to be trans-
ient residents.,,7 The arched shape of alveolar bone is obvious, and has
considerable relationship to the manner in which the teeth of the lower
arch occlude with those of the upper arch. For a time a theory of tooth
4position based on Muscle Equilibrium was quite popular and helped stim-
ulate a series of studies on the effects of the musculature surrounding
16,17,18,19,20
the dentition on arch form. Studies such as those
done by Proffit5 on tongue pressures and by Weinstein6 on buccal forces
contributed to the abondonment of this simplistic theory. That curve
along which the teeth move like "beads on a chain,,8 is a relatively
complex entity.
The most frequently described component of dental arch form has been
the two-dimensional "occlusal" projection of tooth position. A series of
regular geometric curves have been proposed as approximations of this
to anatomic
3
occlusal form. Among these are the ellipse9 , the parabolal , the hyper-
10 9,11 12
bola and the catenary curves. In 1962, Hayashi attempted a more
precise mathematical representation of the shape of the occlusal arch
n (x-B)
form by fitting equations of the form y = ax + e
landmarks on the buccal cusps and incisal edges of a large number of den-
tal casts. Unfortunately, he assumed the dental arches were symmetric
and, therefore, fit his exponential curves to data points associated
13
with only one half of each arch. Four years later Lu proposed fourth
degree polynomial equations would "fit the arch form quite nicely." He
described, in considerable detail, the contributions of each polynomial
coefficient to the overall shape of the total polynomial curve form.
His descriptions were of known mathematical facts, but he did not relate
them to data gleaned from human dental arches.
More recently, this two-dimensional projection of arch form has
been mathematically modeled by a variety of equations. Of necessity,
computers have been employed to actually fit curve forms to data taken
from well-aligned arches. In 1969, Currier14 fit both parabolic and
elliptical curves to landmarks representing "outer", "middle" and
"inner" curves of casts of human dental arches. In a limited sense he
was attacking the question of the envelope of tooth position.
15During the present decade, Biggerstaff used the computer and stand-
ard curve fitting procedures to approximate dental landmarks, chosen to
1
correspond to the "connnon line of occlusion". The sets of curves he
fit were generated by generalized quadratic equations which include the
various shapes of the parabola, the hyperbola and the ellipse. 7Brader
proposed the tri-focal ellipse as a good approximation to dental arch
21form. Unfortunately, N. Gorback was unable to confirm the accuracy
4of fit between the tri-focal ellipse and data taken from a sample of
"normal" dentitions. Most recently', Pepe22 fit, by least square error
methods, second, third, fourth, fifth, sixth, seventh and eighth degree
polynomial equations as well as catenary equations to a sample of well-
related dentitions. Of these curve-generating equations, she found the
catenary was the least descriptive of arch form. Further analyses show
that the coefficients of the sixth degree polynomial equations have po-
tential as clinical indicators of the shape of two-dimensional occlusal
23
arch form.
Some rudimentary attempts have been made to study the human dental
arches in all three dimensions simultaneously. Dempster, Adams and
24
Duddles took a considerable stride in this direction by' analyzing the
inclination of root canals. They placed metal rods into the canals of
complete maxillary and mandibular dentitions in dried skulls. Unfortu-
nately, the data they derived from roentgenograms of the skulls with the
rods in place were only two~dimensional. Hopefully, with the use of
stereophotogrammetry, three-dimensional information can be reclaimed
from "flat" roentgenograms. A number of researchers have recently re-
25, 26, 27
ported investigating this possibility.
Knowledge of both malocclusions and well-aligned human dentitions
should be greatly facilitated by the creation, and subsequent refine-
ments, of a three-dimensional, mathematical model of human dental arch
form. Of utmost importance to this and subsequent endeavors is the
extent and quality of mathematical technology which has already been
developed. Two branches of mathematics, tensor analysis and differential
geometry, are directly applicable to this project. Oriented points in
three-dimensional space are representable by three-by-three matrices.
5Since matrices are a particular subset of all tensors, the entire theory
28,29
of tensor analyses applies to these objects. The curved form of
the human dental arch can best be analysed by applying the techniques
of that branch of mathematics which deals with the nature and form of
curves, differential geometry. A number of fine treatises have been
30,31,32
written on this subject. Of particular interest are the Frenet-
30,31
Serret formulas which give measures of curvature and torsion for
the general category of curves.
It is the intention of this research project to both present an
abstract mathematical model of the human dental arch form and, utilizing
stereometry, to sample and report the three-dimensional data represent-
ing the dental and skeletal morphologies of individuals with well-related
dentitions. The model should provide a way to analyse, in a quantitative
sense, a normal or a malposed dentition. The data obtained from this
study will give a basis for comparison of other three-dimensional data
gleaned from other dentitions and should provide some insight into the
three-dimensional form of human dental arches. Finally, this project
will test the feasibility of stereometry as a three-dimensional measure-
ment technique.
6Materials and Methods
The data resulting from this investigation is derived from twelve
(12) dried skulls of East Indian origin. Each has a DMF index of zero
on a natural, intact permanent dentition complete through the second
molars, and each skull demonstrated a Class I occlusion. The skulls'
dental arches are well-aligned, and exhibit minimal crowding and rota-
tions of individual teeth.
To obtain three-dimensional data from these dental arches, it is
first necessary to represent an arch by a limited number of points.
Three occlusal points are chosen for each tooth. These are intended to
represent the occlusal table of each tooth. A tooth's position is des-
cribed by an individual orthogonal coordinate system. The origin points
for each system are the following:
1) the mesial-buccal cusp tip of a molar,
2) the buccal cusp tip of a bicuspid,
3) the cusp tip of a canine, and
4) the mid-point of the incisal edge of an incisor.
The x-axis runs parallel to the mesial-distal direction of each tooth.
It is oriented from distal to mesial for teeth in the maxillary right
and mandibular left quadrants, and from mesial to distal for teeth in
the maxillary left and mandibular right quadrants. The various mesial-
distal directions are parallel to the line segments joining the follow-
ing pairs of points:
7
1) the crest po~nts on the mesial and distal marginal ridges
in line with_ the central groove of a molar or bicuspid,
2) points on the mesial and distal cuspa1 inclines approximate-
ly at the junctions of the mesial, central and distal thirds of
a cuspid, and
3) two points on the most lingual aspect of worn incisal edges
at the junctions of the mesial, central and distal thirds of
incisors.
The y-axis is directed toward the buccal aspect of each tooth and is in
the plane of the tooth's three defining points. The z- axis is the
mutual perpendicular of a tooth's x - and y-axes. It's positive direc-
tion is away from the tooth's apex (see Fig. 1).
To record the positions of these points in a three-dimensional sense,
Jeltrate impressions were taken of each dental arch. These impressions
were then used to fabricate orthodontic plaster models. Model pairs were
trimmed in centric occlusion. Then, the previously described occlusal
points (three per tooth) were located and marked on upper and lower casts
in India ink with a Rapidograph 00 pen. (See Figv2 a-d)
Locating these landmarks in three-space required comparing them to an
object of known dimensions. A reference object was constructed for this
purpose. Twelve (12) points on the object were marked and measured to
the nearest 0.01 rom with a vernier caliper. These measurements were
stored on a disc file in the Univac 1104 at the University of Connecticut
Health Center for later use. The reference object was designed and made
in such a way that each marked cast could be positioned on it with the
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Figure 2.
STEREOMETRIC PHOTOS OF CASTS: (a) Top photo is of maxillary cast with
inked reference points and reference object. (b) Bottom photo was taken




(c) and (d) Top and bottom photos are of mandibular orthodontic models
taken with a 200 difference in camera angulation.
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As each cast was ~ositioned on the reference object, steriometric
photographs were taken of them. The design of the rig used to position
the camera, cast and object is diagrammed in Fig. 3. A Minolta 35 rom
single lens reflex camera was used to take the photo pairs. The rig per-
mitted a consistant change in camera angle of 200 • Photographs were
printed at approximately' 3 times magnification to aid in locating the
reference points and marked dental points.
Photographic pairs were serially placed on a 5ummagraphics tablet and
digitized. (See Fig. 4.) This tablet converted the two-dimensional
graphics coordinates of each photograph into numerical information suit-
able for data processing by the Univac 1104. A movable cursor was used
to locate the various reference and dental points, and to convert their
positions on the tablet into electrical impulses interpretable by the
computer. 5teriometric programs operational at the Bioengineering
Laboratory of the Department of Orthodontics at the University of Connec-
ticut Health Center were then used to marry data from steriometric pairs
of photographs. These bits of numerical information were fused computa-
33
tionally, using Taylor Series expansions and iterative solutions of
matrices, to produce three-dimensional cartesian coordinates for each
point marked on the dental casts. Resulting coordinate triples were
punched on standard computer cards.
Data from the dried, Indian skulls was derived and recorded in a
similar fashion. Seventeen (17) skeletal landmarks were selected for
three-dimensional analysis. They were the following:
1) nasion (N) - the most anterior point of the naso-frontal
suture in the rnidsaggital plane;
2) the floor of sella (5i) - the most ~dferior point of the




























































































































3) the right orbitale (Or) .... the junction of the maxilla and
th.e right zygomatic bones on the orbital rim,;
4) th.e left orbitale (Or' ) .... the junction of the maxilla and
the left zygomatic bones on the orbital rim;
5} anterior nasal spine (ANS) - the tip of the pre-maxilla in
th.e midsaggital plane;
6) the right posterior nasal spine (PNS) - the deepest point of
the right, posterior contour of the bony palate;
7) the left posterior nasal spine (PNS') - the deepest point of
the left, posterior contour of the bony palate;
8) right menton (Me) - the most inferior point on the right
'contour of the mandibular symphysis;
9) left menton (Me') - the most inferior point on the left
contour of the mandibular symphysis;
10) right gonion (Go) - the most inferior aspect of the right,
posterior mandibular ridge;
11) left gonion (Go') - the most inferior aspect of the left,
posterior mandibular ridge;
12) incision superius (Is) - mid-point of the incisal edge of
the right maxillary central incisor;
13) the right maxillary first molar (~l) - the mesial buccal
cusp tip of the right maxillary first molar;
14) the left maxillary first molar (M') - the mesial buccal
-1
cusp tip of the left maxillary first molar;
15) incision inferius (Ii) - the mid-point of the incisal edge
of the right mandibular central incisor;
16) the right mandibular first molar (Ml ) - the mesial buccal
cusp tip of the right mandibular first molar; and
15
17) the left mandibular first molar (M ') - the mesial buccal
1
cusp tip of the left mandibular first molar.
Each of the skeletal points was marked with a piece of #6 birdshot, and
the dental ones, with a small amalgam. Seats were made for the pieces
of bird shot with a #2 round bur, so that the center of each piece of lead
could be glued to a position most closely approximating its corresponding
anatomic landmark. Amalgam preparations were made with a 1/2 round bur.
These metallic implants were used to make the landmarks readily visible
in roentgenograms of the dried skulls.
The reference object made for the dried skulls is pictured in Figure
5. It was made of lucite with a thick, padded peg used to bolt each
skull firmly to the base of the object. The twelve known points were
each formed by placing two pieces of .016" round wire in aT-configuration.
The point of contact of a pair of wires was identified as a reference
point. The positions of the reference points were measured by United
Aircraft Corporation with a surface table. The Cartesian coordinates of
these points were stored on a disc file in the Univac 1104 just as the
measurements of the casts' reference object were stored.
With each skull bolted to the lucite reference object, two pairs of
stereometric roentgenograms were taken of them. The first pair was
taken with the mandibular dentition in maximum intercuspation with the
maxillary teeth. The second pair had the mandible in a disarticulated
position. The two pairs of radiographs were taken to make it possible
to distinguish maxillary implants from closely approximating mandibular
implants. Roentgenograms were taken with a two pulse, single phase
generator and a Franklin headstand. Machine settings used were 160 M.A.,
6.4 MAS and 63 KVP. The skull-reference object combination was rotated
approximately 300 about the mesial-distal midline of the reference object
16
Figure 5
SKULL AND REFERENCE OBJECT: Skulls were firmly attached to the radio-
graphic reference object by means of a lucite peg placed through the
foramen magnum and bolted to a hollow supporting peg.
17
base between exposures. That is, lateral cepha1ograms, one plus 150, and
o
one minus 15 were taken of each skull-mandible configuration (Fig. 6).
The appropriate implants were then identified and labeled on the
pairs of radiographs showing the dentitions in occlusion. The radiogra-
phic pairs were then serially placed on a translucent Summagraphics
tablet which was positioned on top of a radiographic viewbox. This
arrangement of digitizing tablet and light source allowed direct digitiz-
ing of implant points. Thus, the error, which would have accrued from
tracing each roentgenogram and then digitizing the traced representations
of implants, was avoided. (See Fig. 7.) Again, stereometric programs
were used to merge the two-dimensional graphic coordinates of reference ar
implant points, and to compute three-dimensional cartesian coordinates fOl
each landmark. Resultant data were punched on computer cards. A sample
of interpoint distances were then verified by direct measurement with a
vernier caliper. Discrepancies of no more than .025 mm were noted.
All data cards were then sent to Scientific Time Sharing Corporation
in Bethesda, Maryland to be processed and stored in their Amdahl Computer.
The facilities of this company allowed programming to be done in APL
(i.e. A Programming Language). This computer language is a particularly
sophisticated, interactive language which permits the machine operator to
use very simple, mathematical instructions.
The APL programs which were written for this project were of four
basic types. The first group manipulated the raw data. The programs
belonging to this category are WHY, OWE, DECODE, FILL, ON, TO, INPUT,
LIST, UNPACK, PACK, REPACK and PROCESS. (See Appendix A.) The second
package of programs were designed to perform some basic functions in
coordinate geometry. SPHERE, LENGTH, COOR, DOT, NORM, PROJON and CROSS
















































































































































































































































the coordinate geometry programs to perform computations on the data.
These programs are COMPUTE, OUT, SOUT and COMP. There is only one program,
STATS, in the fourth group. This program performed simple, statistical
manipulations on the raw data and computations made on the data. In
particular, it computed maximums, minimums, means and standard deviations
of number groups.
The first operation performed on the dental arch data was to print out
the three-dimensional coordinates of the dental landmarks. (See Appendix
B.) These coordinates had been computed with the University of Connec-
ticut stereometry programs, and they were expressed in terms of an arbi-
trary master coordinate system for the reference object. All measurements
were given in millimeters. The order of the points, as given earlier, was
from right to left in maxillary arches and from left to right in mandibular
ones. These coordinates were printed in three-point clusters. Thus, each
cluster contained all representative information for a given tooth.
From this three-dimensional information, the orientation of each tooth
in an arch was determined. This orientation was expressed in terms of an
orthogonal triple of vectors, i.e. an individual coordinate system for
each tooth. Expressions for these vectors were printed in Appendix C.
The mesial-distal direction of each tooth, its tangent, was labeled t;
the lingual-buccal direction, the normal, was labeled n; and the per-
pendicular to the plane of the tooth's three points, the binormal, was
labeled b. These vectors were expressed in terms of the arbitrary
coordinate system of the dental reference object. They were computed
using the Frenet equations.
The three-dimensional coordinates of the dental landmarks were then
used to determine arch length, curvature and torsion. Arch length was
measured by finding the absolute distance from the cusp-tip point of one
21
tooth to the cusp tip of the next tooth. Again, this was done from
right to left in the maxillary arch and left to right in the mandibular
arch. Arch curvature, i.e. the angular change in orientation between
successive tooth tangents, was computed from tooth to tooth. These
angular changes (listed in Appendix D) were expressed in degrees, rather
than radians, for the reader's convenience. This measure of arch cur-
vature includes both the magnitude of the dental arch in the occlusal
plane and the curve of Spee. Torsion, changes in binormal angulation,
was also printed in Appendix D in degrees; it is a measure of the "twist"
from one tooth's occlusal table to the next. The STATS program was then
utilized to compute the maximum, minimum, mean and standard deviation of
each of the arch measures reported in Appendix D. This information is
given in Table I.
The skull data was treated in a similar fashion. The three-dimen-
sional coordinates of the seventeen skeletal landmarks were printed out
in Appendix E. They were listed in the same order as they appear on pages
8-10. Measurements for four anterior facial dimensions were also compu-
ted and printed out for each skull. These measurements were expressed
in millimeters as the absolute distance between implant points. The
measurements are of upper facial height (N to ANS), lower facial height
(ANS to the mid-point of the line segment between Me and Me'), upper
dental height (Is to ANS) and lower dental height (If to the mid-point
of the Me-Me' line segment).
The final computations made for this appendix were of the angles
between a number of skeletal reference planes. The first of these planes
was the Cranial Plane (See Fig. 8). It was defined as the plane passing






























































(Si), and running parallel to the line connecting Or and Or'. Four other
reference planes are depicted in Figure 9. The Maxillary Plane passed
through the ANS, PNS, and PNS' implants. The Maxillary Occlusal Plane
contained the centers of the Is, M and MI' implants. Similarly, the-1 -
Mandibular Occlusal Plane was defined by the If, MI and MI ' implants.
The Mandibular Plane passed through the Go and Go' implants and the rnid-
point of the line segment connecting Me and Me'. The last of the refer-
ence planes, the Occlusal Plane, was found by averaging the Maxillary
and Mandibular Planes. These planes were chosen for their close relation-
ship to standard two-dimensional "planes" used in cephalometric analyses.
Maximums, minimums, means and standard deviations for the interplanar
angles and facial dimensions were then computed and recorded in Table II.
The genders of the twelve individuals whose skulls were used in
this study were then determined from the contours of the facial bones by
Dr. Edward Harris of the University of Connecticut. Six of the skulls
were determined to be from males and six from females. The maximums,
minimums, means and standard deviations of the twelve skeletal measure-
ments were then reassessed for the male and female data separately. The
ratios of the means of the female to male data were also computed. This
information appears in Table III.
The points representing the occlusal table of each tooth were then
projected, mathematically, into their respective occlusal planes. Arch
length (i.e. tooth-to-tooth distances) and arch curvature were then re-
assessed in these two-dimensional projections. This data was printed in
Appendix F. Again, the program STATS was used to compute maximums, mini-
mums, means and standard deviations for these items (Tables IV and V).
Finally, a measure was made of the curve of Spee in each arch. This







SKELETAL REFERENCE PLANES: The Maxillary Occlusal Plane (upper left) was
defined to pass through the three maxillary dental amalgams. The Maxillary
Plane (upper right) passed through implants at ANS, PNS and PNS'. The Man-
dibular Plane (lower left) passed through the Go and Go' implants and the
midpoint of the line segment connecting Me and Me'. The Mandibular Occlu-
sal Plane was defined by the three mandibular dental amalgams.
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occlusal plane of each arch. These measurements were recorded in Appen-
dix G. Statistics on both the out-of-plane curvature and the variance
in cusp-tip heights are given in Tables VI and VII.
26
Discussion of Results
The results of this study indicate a number of things, not the least
of which is the great difficulty of modeling the human dental arch. An
examination of Table I and the individual statistics on length, curvature
and torsion of the dental arches illustrate some of these problems.
The distances between successive cusp-tip points, labeled "length",
correspond well to other measures of arch length and statistics on mesial-
distal diameters of human teeth. The standard deviations of the inter-
tooth distances are relatively small. This adds to the evidence that
th_is three-dimensional measure of arch length is, indeed, a "good" meas-
ure. When reading this data one must recall that all arches in this
study are naturally well-aligned. Therefore, the effects of anomalous
tooth size, rotations, tipping and buccal-lingual displacement of indivi-
dual teeth on arch length are minimal.
The values obtained for absolute arch curvature have significantly
greater standard deviations. A feeling of the sensitivity of this
measure can be gained by examining the photographs of the casts from skull
#2 (Figure 2) and the measurements of these arches in Appendix D. The
rotations of the first and second bicusp~ds in the left mandibular buccal
segment are mirrored by the high degree of curvature for this quadrant
as compared to those of the right side of this arch. It is further
notable that the curvatures are especially great in the first bicuspid-
to-cuspid and cuspid-to-lateral regions. These increases in curvature
tend to be greater in the mandibular arches than in their maxillary
counterparts. This is consistant with the observation that mandibular
arches are contained by their maxillary arches.
27
The standard deviations relating to arch torsion are very high,
especially for the anterior teeth. It is very possible, indeed quite
likely, that this problem is largely due to errors in measurement. The
triple of points representing each anterior tooth was selected in an
attempt to produce a consistent tooth model regardless of the tooth's
anatomy or position in the dental arch. Unfortunately, the points chosen
to represent each anterior tooth were nearly colinear. That is, the an-
terior points were in such close proximity that measurement and computa-
tional errors were nearly commensurate with some of the differences in
their coordinates.
The statistics on the arch lengths and curvatures as projected into
the occlusal planes (Tables IV and V) bear many similarities to their
three-dimensional counterparts. Length is still a relatively "good"
measure with small standard deviations. Projected curvature has greater
standard deviations and is fraught with the same problems and errors as
absolute arch curvature. The magnitudes of projected length and curvature
tend to be less than their three-dimensional counterparts, and their stand-
ard deviations, slightly greater. It should also be noted that these
measures of length and curvature do not show the anterior teeth lie on a
circular arc. While the distances from mid-incisor point to mid-incisor
point are nearly equal, their respective curvatures are not. The statis-
tics on arch curvature also show a sharp bend in lower arch form in the
cuspid-lateral region while upper arches seem to curve more gradually
throughout their buccal aspects. Table IV indicates mandibular arches
and their buccal segments are longer than their maxillary counterparts.
Arch curvatures, both total and projected, are of nearly equal magnitudes
for maxillary and mandibular arches. Table V shows the projected curva-
28
tures in the maxillary arches have considerably more variation than their
mandibular arches.
Results from the three-dimensional skeletal data were considerably
more promising (Table II). Comparisons made of this data to similar
cephalometric standards showed the results to be of comparable magnitudes.
It should be emphasized that the implants were placed at anatomic land-
marks similar to cephalometric landmarks. For example, it was impossible
to place an implant at sella (S), so one was placed in the floor of sella
turcica (Si). Thus, Frankfort horizontal could not be represented by im-
plants, but the Cranial Plane eQuId.
Standard deviations on the Indian sample were less than expected
particularly since the skulls were from both male and female individuals
of various ages. The largest deviations related to measurements involving
the mandibular planes of the Indian skulls. This was predicted, as the
lower border of the mandible shows more variation than the other cranial
contours. Comparisons of male and female data show some relatively large
maximal values for the mandibular plane angles of the male skulls. These
few steep mandibular planes were responsible for the small ratios of the
female to male data involving mandibular plane angles (Table III).
The final measurements taken were of the Curve of Spee. The first
attempt to assess the "curvature out of the occlusal plane" was done by
subtracting projected curvature from the three-dimensional (i.e. absolute)
curvature (Table VI). Unfortunately, the resultant measure included a
partial value of the tooth-to-tooth torsion as well as the Curve of Spee,
and ignored various levels of eruption. Therefore, it was decided to
measure the differences in successive cusp-tip heights with respect to
the occlusal plane of each arch. This second measure (Table VII) valued
29
the level of eruption tooth-to-tooth. It indicated considerably more
variation in occlusal levels in the maxillary arches than in the mandibu-
lar ones. Variations in posterior heights were especially large. It did
not distinguish between teeth with parallel occlusal tables and those
with crowns inclined either toward or away from each other, as the first
measure had done. Clearly, some combination of these two measures is
necessary to accurately represent the Curve of Spee, but the way to com-
bine them is not clear.
30
Conclusions
Past attempts to model the human dental arch directly, i.e. to
express it in terms of a single or composite geometric curve, have
proven to be unsatisfactory. Therefore, this paper has presented an
indirect mathematical model of three-dimensional arch form. That is,
the equivalent properties of a curve--length, curvature and torsion--
were assessed by this model.
While the model is theoretically capable of measuring the dental
arch in a three-dimensional sense, difficulties were encountered with
the measurement technique used in this study. The stereometry used to
locate the positions of dental landmarks in three-space on twelve Class
I occlusions was not accurate enough for all measurements of the mathe-
matical model. However, measurements of arch length, arch curvature and
buccal segment torsion were made with reasonable accuracy on this
"normal" Indian sample.
Stereometric techniques were also used to compute three-dimensional
coordinates of several skeletal landmarks on the twelve Indian skulls.
The landmarks chosen for analysis were similar to roentgenographic
landmarks frequently used in cephalometric analysis. Measurements of the
three-dimensional data compared favorably to cephalometric data from the
Denver sample. The method used in this study appears to be adequate for
determining three-dimensional coordinates of skeletal landmarks. It
appears these skeletal measures add another dimension to information
obtainable from radiographs and will provide a means for more accurate
treatment planning and evaluation.
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STATISTICS ON SKELETAL DATA
Standard
Max. Min. Mean Deviation
Upper Facial
Ht. (mm) 49.85 42.39 45.61 1.99
Lower Facial
Ht. (nun) 62.83 52.85 58.42 3.44
Upper Dental
Ht. (mm) 26.53 19.63 23.95 1.94
Lower Dental
Ht. (rom) 40.41 34.70 37.15 1.77
Cranial P. -
Max. P. 0 14.72 9.30 12.42 1.52
Cranial P. -
Mand. P. 0 67.28 22.02 34.32 11.54
Max. P. -
Mand. P. 0 66.06 10.89 23.28 13.93
Mand. - Mand.
Gcc. P. 0 64.93 9.58 17.96 14.37
Max. - Max.
Dec.
a 14.86 0.35 6.49 4.02P.
Mand. P. -
Gcc. P. 0 65.19 10.54 19.00 14.08
Max. P. -
Gee. P. 0 10.32 0.99 5.84 2.74
Gcc. P. -
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3-Dimensional Coordinates of Occlusal Landmarks
The points are listed in tooth groups in the maxillary arches from
the distal marginal ridge point of the right 2nd molar around the arch
to the distal marginal ridge point of the left 2nd molar, and in the
apposite direction in the mandibular arches.
54
F· f;: :r ~-l T Af;:CH 1
UF-F"Er: Ar:CH
Pt. X Y Z
1 21.442 28.987 33.872
2 18.291 34.896 35.374
3 21.647 35.634 34.564
4 21.474 37.573 34.744
5 19.797 45.032 35.'105
6 23.997 44.862 34.768
7 25.532 45.914 34.887
8 23.597 50.037 36.123
9 27.690 50.286 34.220
10 27.529 52.173 34.961
11 25.569 55.428 36.508
12 28.994 56.551 34.302
13 28.745 58.626 35.537
14 29.469 61.757 35.966
15 32.099 63.114 34.702
16 33.533 64.722 34.669
17 34.969 66.629 34.673
18 37.276 66.933 34.183
19 37.817 69.374 34.091
20 41.028 70.643 33.888
21 44.204 69.794 34.308
22 46.654 70.322 35.190
:;. 23 49.723 70.841 35.551
24 52.869 69.520 35.524
25 54.967 67.835 35.292
26 57.151 67.038 35.903
27 58.451 64.694 36.167
28 59.497 63.367 35.279
29 62.152 62.756 36.440
30 63.134 59.198 36.131
31 62.753 56.203 35.143
32 66.034 55.211 36.788
33 64.549 51.750 34.768
34 65.278 50.698 34.935
3S 68.791 49.675 36.383
36 66.665 46.350 35.345
37 68.201 44.968 35.020
38 71.769 44.551 36.788
39 69.195 37.026 36.394
40 69.853 35.641 35.827
41 72.880 34.704 36.347
42 69.847 28.522 35.065
LOWE~: A~:CH 1
Pt. X Y Z 55
1 24.485 36.506 34.874
2 22.325 42.930 35.313
~ 24.411 44.203 34.220oJ
4 24.641 45.426 34.778
5 23. 861~ 52.738 35.102
6 26.641 53.339 35.271
7 27.331 54.766 34.831
8 27.756 57.827 35.357
9 30.086 59.318 34.234
10 29.736 60.525 33.446
11 30.609 63.336 34.957
12 33.225 64.384 33.259
13 31.611 67.712 34.432
14 33. 119 . 69.784 35.022
15 35.915 70.409 35.038
16 36.428 71.877 35.185
17 38.945 72.871 35.819
18 40.581 72.384 35.352
19 42.177 72.818 35.272
20 43.952 73.255 35.693
21 45.684 72.081 35.892
22 47.190 72.397 35.586
23 49.037 73.011 35.805
24 50.683 71.862 35.810
25 51.979 72.51,7 36.337
26 54.212 73.005 36.323
27 56.082 71.234 36.505
28 5,6.513 69.251 36.220
29 58.799 68.531 36.313
30 59.305 66.296 36.242
31 59.335 64.441 34.247
32 62.494 63.449 36.569
33 61.541 59.780 34.836
34 62.079 58.987 34.472
35 64.325 57.064 36.930
36 63.546 53.815 35.263
37 65.159 51.842 36.248
38 68.403 51.910 36.550
39 67.429 44.181 36.011
40 67.463 42.664 36.551
41 70.734 41.444 37.454
42 68.678 34.712 37.046
F·~: I J'IT A'=;: CH 2 56
UF·F·E~: A Ft: CI-i
Pt. X Y Z
1 22.193 31.014 33.924
2 20.360 38.572 35.294
3 24. 127 37.993 33.926
4 24.594 39.827 34.656
5 23.440 47.847 36.407
6 26.705 47.110 34.672
7 27.473 48.705 34.148
8 25.936 52.583 36.471
9 29.702 52.904 34.766
10 29.726 54.839 34.853
11 27.633 58.092 36.253
12 31.332 59.208 34.370
13 3:1.• 308 62.119 35.963
14 32. =~30 64.775 36.212
15 34.528 ' 66.081 35.758
16 35.731 67.90() 35.47.6
17 37.l19 69.519 35.646
18 38.870 69.827 35.488
19 41.030 69.958 35.534
20 44.570 71.104 35 .. 782
21 47.10·4 69.924 35.533
'" 22 48.539 69.849 35.453
23 5:1. • 99~~ 70.139 35.990
24 54.520 68.554 35.341
25 56.200 68.302 35.503
26 58.597 67.725 35.863
27 59.361 65.494 35.735
28 60.55·4 64.670 34.974
29 62.8-47
3.424 6.057
30 . 76 60.138 36.123
31 63.331 56.918 34.549
32 66.640 55.556 36.363
33 63.983 52.546 35.044
34 64.524 50.627 34.715
35 68.393 49.459 36.312
36 66.077 46.235 34.499
37
67.~567 45.001 35.154
38 71.760 44.691 36.383
39 69.774 37.537 35.985
40 70.269 35.934 34.990
41 7:~. 825 35.007 35.745
I " 7{) ... ~~:>Q ?~ ... A()1 ~4 .. hAA
LOWER AJ=;:CH 2 57
Pt. X y Z
1 25.682 33.520 33.549
2 23.229 40.219 33.423
3 26.360 40.905 31.899
4 26.817 43.212 32.249
5 25.708 50.941 33.154
6 29.100 50.418 33.213
7 29.353 52.373 32.591
8 29.666 55.654 33.446
9 33.010 55.517 32.532
10 30.601 58.913 32.939
11 29.808 62.753 33.399
12 32.949 63.185 31.467
13 32.172 . 65.564 33.748
14 32.683 67.784 33.842
15 34.683 69.339 34.550
16 35.487 71.022 34.138
17 37.167 72.169 34.414
18 39.166 72.390 34.713
19 40.619 72.904 34.813
20 42.442 73.873 34.626
21 44 '3' 289 73.367 35.000
22 45.211 72.994 34 .. 467
23 47.039 73.992 34.802,
, 24 49.033 73.380 34.716
25 50.190 73.095 34.921
26 52.406 73.651 34.566
27 54.105 72.745 34.550
28 55.132 71.019 33.866
29 57.365 70.636 33.592
30 58.311 67.743 34.177
31 58.291 65.546 32.562
32 60.781 65.664 34.732
33 60.471 61.780 33.681
34 59.265 59.253 33.765
35 61.612 59.301 34.961
36 62.061 55+697 33.881
37 63.295 53.473 34.451
38 66.116 53.782 34.726
39 66.148 46.065 33.774
40 66.693 43.775 34.098
41 69.578 43.731 34.658
42 68.5:1.1 36.984 34.127
Fo J=;: J: lo~T Afi: CH 3 58
UF"FoE~: A~:CH
Pt. X Y Z
1 23.845 30.297 34.385
2 22.163 37.285 3.5.656
3 25.245 37.756 35.248
4 24.623 39.968 35. 184
5 24.000 48.077 36.116
6 27.230 47.880 34.684
7 27.962 49.289 34.897
8 27.175 53.182 36.404
9 30.352 52.937 35.260
10 31.213 54.495 34.983
11 30.430 58.282 36.941
12 33.603 58.944 34.920
13 33.240 62.085 35.083
14 34.494 64.700 36.293
15 36.664 65.142 35.376
16 38.957 67.657 36.514
17 40.502 68.987 36.442"
18 42.441 68. 182 36.260
19 44.856 68.148 36.107
20 47.848 69.685 36.725
21 50.154 68.352 35 .. 867
22 52.755 69.377 35.824
23 55.262 70.206 36.510
24 57.642 68.352 35.934
25 60.357 67.553 35.433
26 62.688 67.279 35.673
27 63.865 65.293 35.139
28 65.945 63.826 35.127
29 68.248 62.769 35.393
30 68.572 60.281 35.064
31 68.989 56.959 34.009
32 72.156 55.543 35 .. 976
33 70.254 52. 198 34.590
34 71.238 50.671 35.042
35 73.769 49.817 36.307
36 72.171 46.306 34.919
37 72.588 45.016 34.898
38 75.847 44.385 35 .. 539
39 74.321 36.309 35.379
40 73.520 34.368 34.090
41 76.788 33.353 35.438
7~ .. 7A~ ?A.586 33.829
LOWE~: Afi:CJ-~ ~
Pt. X Y Z 59
1 25.579 27.576 34.796
2 23.818 33.719 35.367
3 26.235 35.:111 33.565
4 25.077 36.957 34.784
5 23.395 45.104 35.297
6 26.644 45.505 34. 160
7 25.999 47.817 34.621
8 25.047 50.912 35.788
9 28.248 52.269 34.410
10 29.061 53.469 34.255
11 28.680 56.874 36.054
12 31.879 57.440 35.239
13 31.690 59.800 35.640
14 32.847 61.824 37.604
15 34.846 62.409 37.413
16 36.395 64.790 37.444
17 37.683 66.229 37.793
18 39.653 65.784 38.165
19 42.215 67.226 37.741-
20 43.411 68.396 37.875
21 45.437 67.672 38.069
22 47.213 68.318 38.243
23 48.864 68.770 37.441
24 50+200 67.076 38.235
25 52.556 67+115 37.510
26 54.609 67.176 37.767
27 55.393 65.874 37.568
28 57.111 63.474 37.243
29 59.655 62.529 37.336
30 59.992 60.948 35.726
31 60.565 59.432 33.885
32 63.461 57.935 34.800
33 62.454 55.011 32.942
34 62.399 53.584 32.519
35 65.576 53.651 34 + 138
36 66.822 50.325 33.407
37 65.621 47.483 33.470
38 68.904 46.293 34.232
39 67.967 38.508 33.159
40 68.233 36.914 32.258
41 70.685 35.640 34.493
42 68.761 29.380 33.239
F'~: I: ~·lT AFt: CH 4
60
UF'F'E~: AJ=;:CH
Pt. X Y Z
1 18.862 32.574 35.511
2 17.215 38.799 35.917
3 20.687 38.108 35.821
4 19.788 40.865 36.020
5 20.153 48.920 37.097
6 23.792 48.389 36.289
7 22.704 50.989 34.046
8 23.407 54.794 35.490
9 27.348 52.764 35.386
10 27.067 55.982 34.754
11 25.747 59.518 36.705
12 29.769 60.577 34.490
13 29.607 63.783 35.792
14 30.079 66.389 36.267
15 32.185 66.777 36.026
16 35. 129 69.221 35.995
17 36.590 70.683 36.599
18 38.532 70.748 35.939
19 40 • {'.. O9 71.323 36.986
20 43.482 72.814 37.281
21 46.655 71.933 37.066
22 48.152 71.815 36.016
23 51.710 72.181 36.112
24 53.915 70.173 35.759
25 55.810 70.853 35.478
26 57.929 70.020 36.389
27 59.458 67.295 35.842
28 61.679 66.682 34.612
29 63.612 65.582 36.535
30 64.389 62.348 36.005
31 63.428 59.174 35.218
32 67.395 58.142 36.939
33 65.329 54.131 35.385
34 64.402 51.327 36.284
35 68.833 51.846 37.101
36 68.439 47.761 35.569
37 68.626 46.472 36.753
38 72.545 46.439 3t.• 883
39 72.193 38.375 36.481
40 70.168 35.873 36.107
41 73.981 35~292 36.969
42 72.052 28.487 34.576
L_OWE~: AJ=;:CH 4-
Pt. X Y Z 611 23. 1.4~::; 32.264 36.483
2 22.136 39.381 36.371
3 24.740 40.464 34.946
4 24.591 42.167 35.376
5 23.83t> 49.888 35.948
6 26.458 50.499 35.764
7 27.122 52.164 34.651
8 25.946 55.807 36.147
9 28.650 57.379 34.991
10 28.088 58.733 34.790
11 28.122 62.854 36.577
12 31.660 63.621 35.133
13 31.016 66.294 36.803
14 32.116 68.297 36.851
15 34.442 '68.904 36.797
16 35.247 70.616 36.902
17 36.954 72.092 37.474
18 38.973 71..974 37.068
19 40.414 71.994 36.596
20 41.902 73.342 36.905
21 43.719 72.595 36.781
·22 45.135 73.212 36.438
23 4[\ + 786 73.816 36.326
24 48.232 72.611 36.497
25 49.906 71.858 36.435
26 51.629 72.477 36.119
27 53.454 71.223 36.081
28 54.911 70.051 35.843
29 57. :1.87 69.619 35.351
30 58.106 67.675 35.836
31 58.249 65.272 34.280
32 60.712 64.291 35.904
33 61.401 60.587 34.622
34 62.383 59.663 34.876
35 65+594 58.240 36.109
36 64.312 54.765 35.251
37 64.354 52.640 34.862
38 67.583 52.115 35.179
39 67.479 44.724 34.256
40 67.584 42.448 34.104
41 70 • c) 1 ~3 41.796 35.379
42 70.238 35.126 35.142
F"f1: I l"~T Af;: CH5
62
UPF"Ef;: AJ=;:CH
Pt. X y Z
1 20. :1.91 30.046 32.868
2 18.664 36.359 34.194
3 22.605 36.835 34.174
4 23.011 38.886 34.801
5 21.285 46.640 36.001
6 25.491 46.567 34.740
7 26.962 47.527 34.892
8 25.076 50.775 36.864
9 28.597 51.535 35.080
10 29.455 52.873 34.876
11 27.797 56.296 37.045
12 31.909 57.021 34.767
13 31.821 61.188 36.598
14 31.906 63.794 36.825
15 33.891 64.965 36.738
16 34.300 68.397 35.331
17 36+115 70.080 36.055
18 38.130 70.392 35.212
19 40.815 71..140 35.823
20 43.487 72.066 35.998
21 46.477 71.168 35.794
. 22 48.434 70.992 35.715.:.
J 23 51.096 71.517 36.424
24 53.758 69.669 35.750
25 56.364 68.570 36.368
26 57.931 68.095 36.590
27 58.857 66.294 36.674
28 60.984 64.077 36.282
29 62.573 62.428 37.130
30 62.657 60.029 36.918
31 61.855 56.275 34.164
32 65.387 55.382 36.595
33 64.208 51.791 34.543
34 64.844 50.421 34.687
35 68.211 49.230 36.645
36 66.668 45.968 34.822
37 68.670 44.999 35.073
38 72.821 45.240 36.787
39 70.768 37.286 35.187
40 70.823 35.290 34.275
41 74 • ~j92 34.015 35.129
42 71.569 28.565 33.174
LOWE~: AJ;:CH .5 63
Pt. X Y Z
1 20.943 31.557 37.907
2 19.364 37.910 37.293
3 22.288 39.224 35.803
4 23.215 40.866 35.539
5 22.904 48.983 36.244
6 25.761 48.750 36.370
7 26.217 50. 187 35.685
8 26.171 54.030 37.074
9 28.989 54.842 35.639
10 29.454 56.156 34.946
11 28.594 59.957 36.654
12 31.378 60.701 34.282
13 31.853 63'.316 36.996
14 31.657 65.178 36.635
15 33.103 65.587 37.245
16 35.479 67.789 37.648
17 36.271 69.232 37.429
18 38.266 69.347 37.451
19 39.113 70.890 36.622
20 40.691 71.572 36.822
21 42.092 70.738 36.942
22 44.228 71.111 36.870
.. 23 45.632 72.075 36.631
~ 24 47.149 71.007 37.013
25 48.507 70.290 37.422
26 50.971 70.316 37.627
27 52.184 68.931 37.550
28 54.293 67.421 37.470
29 55.733 66.159 36.694
30 56.058 63.880 37.055
31 56.335 61.686 34.774
32 59.038 60.336 35.711
33 58.325 57.267 36.011
34 57.837 r::-c- ~'")c::- 35.184.JJ .. ,J~.J
35 60.436 53.938 37.317
36 60.067 50.528 35.677
37 60.970 48.548 36.549
38 63.776 49.432 37.180
39 64.066 41.078 36.233
40 64.605 39.330 36.390
41 67.304 38.690 38. 160
42 66.018 31.656 37.440

LOWE~: AJ=;:CH ~J
Pt. X Y Z 651 21.932 29.531 38.399
2 19.740 36.741 37.897
3 23.631 37.697 36.570
4 23.592 39.815 37.340
5 22.826 47.769 38.076
6 25.958 48.172 37.633
7 26.905 49.676 37.294
8 25.739 53.721 38.495
9 29.442 54.792 37.564
10 29.733 56.072 37.553
11 30.107 59.730 39.5()8
12 32.333 61.133 37.613
13 32.539 62.680 39.069
14 33.321 66.622 40.508
15 34.807 67.638 40.390
16 37.392 67.129 41.103
17 38.488 69.066 40.831
18 40.521 68.522 40.916
19 42.301 69.012 40.349
20 43.796 69.886 40.280
21 45.532 69.193 40.423
22 48.017 68.582 40.552
23 49.810 69.385 40.531
24 51.615 68.989 40.491
..
25 53.493 68.823 40.231
26 55.135 70.329 39.327
27 56.802 69.326 38. 8:~6
28 55.840 66.301 40.404
29 57.651 65.198 40.384
30 58.594 62.032 37.968
31 59.367 60.818 37.004
32 62.134 58.456 39.619
33 61.356 55.855 37.408
34 62.047 54.668 37.159
35 65.714 52.462 38.910
36 64.178 49.439 37.593 ·
37 65.304 46.963 38.287
38 69.059 47.012 38.498
39 68.207 39.807 37.811
40 68.446 37.760 37.531
41 71.371 36.815 37.941
42 70.463 28.574 38.629
66
F- Fi: :r I·' T A~:CH7
UF·F-EFt: Af;:CH
Pt. X Y Z
1 19.610 24.738 34.784
2 it) • 264 31.071 36.473
3 20.325 32.161 35.783
4 20.738 33.881 36.158
5 18.715 42.080 36.795
6 22.887 42.138 36.258
7 23.631 43.666 35.816
8 21.534 47.649 36.943
9 24.715 48.534 34.968
10 24.462 50.190 34.958
11 23.876 54.111 36.058
12 27.560 55.042 34.029
13 28.112 57.224 35.219
14 27.548 60.520 35.464
15 29.197 61.553 35.083
16 30.858 65.031 33.744
17 32.556 67.143 34.015
18 35.409 67.410 33.153
19 38.398 70.746 33.447
20 41.062 71.296 33.475
',. 21 44.383 69.618 33.694
.,
22 46.402 69.548 33.756
23 50.202 70.867 34.389
24 53.267 69.356 34.518
25 56.169 67.875 33.694
26 58.665 67.243 34.781
27 60.441 64.794 34.442
28 62.032 62.375 36.102
29 63.706 61.279 36.688
30 63.623 59.060 37.153
31 64.148 55.687 35.267
32 67.486 54.337 36.581
33 66.019 50.684 34.910
34 66.657 49.464 35.261
35 70.446 48.042 37.093
36 68.021 44.565 35.918
37 68.760 43.091 35.510
38 72. 38:~ 42.688 37.005
39 69.913 34.412 35.975
40 70.660 32.710 35.546
-,/t c: ':> 1::: ~1 .~Q-:z.: ~A ... 7~~
LOWE~: Af;:CH 7 67
Pt. X Y Z
1 24.056 28.137 33. 186
2 22.547 35.864 33.280
3 25.985 36.849 31 .904
4 26.230 38.439 31.921
5 24.317 46.755 33.146
6 27.950 48.037 33.051
7 28.143 49.879 32.610
8 26.911 53.271 34.237
9 29.269 55.414 32.943
10 31.202 56.365 32.448
11 30.153 59.781 34.539
12 32.242 61.775 32.589
13 33.796 63.318 36.165
14 34.321 65.909 37.462
15 35.052 67.961 36.751
16 38.002 67.277 37.321
17 39.556 69.546 37.039
18 41.454 69.873 36.865
.-
19 44.118 71.059 36.701
20 45.360 72.535 35.473
21 47.124 72.628 35+354
22 48.057 70.708 36.617
23 50.248 71.861 36.557
24 51.972 70.853 36.167
25 53.936 68.381 36.171
26 56.118 69.825 36.192
27 58.399 69.084 35.614
28 59.206 67.350 35.270
29 60.268 65.157 36.542
30 60.326 62.166 35.647
31 63.746 61.699 33.209
32 65.488 60.086 35.292
33 64.057 56.649 33.156
'34 65.181 55. 132 32.833
35 67.995 53. 125 34.222
36 66.473 50.001 32.316
37 67.114 48.109 32~955
38 70.949 47.130 33.268
39 68.704 38.567 31.535
40 69.516 36.638 31.708
41" 73.090 35.348 33.222
42 70.934 28.054 32.556
F·~: J: r·lT AFt: CH 8 68
UF·F·E~: A~:CH
Pt. X Y Z
1 17.398 26.984 35.213
2 16.181 33.504 36.593
3 19.912 34.008 35.885
4 19.215 36.596 36.561
5 17.806 44.633 36.792
6 22.005 44. 188 36.007
7 22.545 45.538 35.724
8 20.817 49.101 36.363
9 24.218 49.811 35.312
10 24.511 51.793 34.823
11 23.411 55.893 35.349
12 27.196 55.812 34.029
13 27.287 58.458 33.868
14 28.004 61.432 34.303
15 31.317 62.020 32.620
16 32.297 63.910 32.555
17 33.064 66.228 32.778-
18 35.674 66.187 32.220
19 37.732 67.081 31.523
20 40.036 69.228 31.843
21 42.414 67.636 31.586
,;. 45.275 67+535 30.875
... 22
23 47.658 68.888 31.491
24 50.123 66.805 31.535
25 52.052 65.984 31.918
26 54.719 65.966 32.549
27 56.035 63.341 32.182
28 57.316 62.605 32.612
29 60.030 61.157 34.005
30 60.378 57.755 34.135
31 59.936 55.229 33.824
32 64.000 54.571 35.952
33 62.099 50.715 33.684
34 62.633 48.906 34.852
35 66.345 47.873 36.535
36 64.238 44.751 35.452
37 64.854 43.556 35.423
38 68.968 43.622 36.459
39 67.499 35.768 36.439
40 67.706 33.628 36 • 157
41 71.333 33.160 36.224
iJ..? 68.952 26.675 35.278
LOWE':;: Af;:CH 8
- Pt. X y Z 69
1 23.626 30.202 32.269
2 23.268 37.349 33.025
3 26.391 37.894 31.945
4 26.655 39.020 32.112
5 26.228 46.264 33.898
-6 29.858 46.541 -34 + 029
7 30.307 48.309 33 .. 393
8 29.221 52.103 35.403
9 32.322 53.013 33.936
10 32.335 54.828 33.874
11 31.716 58.590 35.819
12 33.995 59.256 34.019
13 33.907 61.481 36.901
14 34.206 63.635 36.320
15 36.054 63.951 37.539
16 37.502 65.913 37.304
17 38.879 67.395 37.364
18 40.742 66.798 37.906
19 42.342 67.928 37.726
20 43.536 69.084 37.350
21 45.207 67.933 37.477
22 47.323 67t:977 38.271
23 48.174 69.101 37.498
24 49.688 68.023 37.656
,/'
25 51.364 67.244 37.812
26 53.346 67.482 37.500
27 54.766 65.827 37.471
28 56.090 64.467 36.736
29 58.315 64.123 36.214
30 58.514 61.710 35.533
31 58.221 59.755 33.882
32 61.025 58.298 35.616
33 59.525 55.380 33.743
34 60.066 53.808 33.530
35 63.096 51.600 34.555
36 61.607 49.068 33.171
37 62.867 47.291 33.734
38 65.988 46.519 33.539
39 65.408 39.481 32.791
40 64.895 37.418 31 .40.8
41 68.:1.10 36.933 31.478
42 67.371 30.156 30.766
70
F" Ft: J: l'~ T ,:~r:;:cH9
UF"F"Efi: A~:CH
Pt. X Y Z
1 22.063 30.647 33.900
2 19.703 36.421 35.479
3 22.781 36.716 45 .166
4 22.603 39.230 35.697
5 20.738 46.767 36.567
6 23.709 47.237 36.030
7 25.036 48.670 35.670
8 23.514 52.071 37.080
9 26.771 52.644 35.253
10 26.323 54.416 34.676
11 25.728 57.747 36.719
12 28+948 58.467 35.221
13 28.254 63.506 37.134
14 28.063 65.392 37.608
15 29.812 66.094 36.614
16 33.059 68.975 36 .163
17 34.382 70.701 36.678
18 36.566 70.938 35.911
19 39.504 72.461 36.775
20 41.761 73.074 37.144
21 44.137 72.499 36.882
~,
22 46.679 72.221 36.639
23 48.919 73.408 36.616
24 51.385 72.122 36.629
25 53.823 70.815 35.622
26 56.482 70.431 36.768
27 57.647 68.523 35.803
28 60.412 66.153 34.784
29 61.855 64.885 36.677
30 61.194 62.727 35.954
31 61.395 59.098 34.826
32 64.971 57.329 35.933
33 63.586 54.219 34.836
34 64.375 53.210 35.255
35 67.77fJ 51.683 36.443
36 65. 68:~ 48.555 35.571
37 67.100 47.063 35.447
38 70.267 46.341 35.975
39 67.814 39. 126 34.663
40 6"7. ~)28 ·36.602 34.402
41 70.966 35.985 34.459
LOWEfi: A~:CH 9 71
Pt. X y Z
1 23.686 28.637 35.616
2 22.389 35.262 35.599
3 24.668 36.075 33.558
4 23.881 37.865 33.749
5- 22.581 45.850 34.525
6 25.323 46.501 33.896
7 26.163 48.059 34.339
8 24.415 51.681 36.201
9 26.451 53.570 34.021
10 27.940 54.289 33.597
11 27.844 57.837 36.218
12 30.734 57.936 34.374
13 31.020 61.625 35.971
14 31.107 63.998 37.018
15 32.463 65.614 35.950
16 34.212 64.917 36.963
17 35.612 65.832 37.583
18 37.470 64.813 38.108
19 39.668 66.681 37.504
20 41.008 67.766 37.204
21 42.839 66.940 37.297
22 44.540 66.733 37.900
23 46.129 67.492 37.845
24 47.639 66.438 37.974
25 49.869 65.144 38.310
26 51.922 66+027 37 • ;'97
27 53.419 65.392 37.502
28 55.049 65.556 35.295
29 55.941 63.225 36.892
30 55.454 60.917 36.794
31 56.516 58.795 33.760
32 58.699 58.277 36.409
33 59.623 54.784 34.317
34 60.014 53. 158 34.001
35 62.803 51.593 35.168
36 61.671 48.366 34.049
37 63.263 47."104 34.007
38 66.123 46.616 35.025
39 65.138 38.943 34.62.9
40 65.295 37.096 34.049
41 67.568 35.865 36.230
42 66.438 29.117 35.854
F·~: I r·~T Af;:CH 10 72
UF·F·E~: Afi:CH
Pt. X Y Z
1 21.416 23. 189 33.856
2 17.483 29.734 36.226
3 21.200 30.047 36.213
4 20.392 32.363 35.602
5 17.930 39.842 37.442
6 22.151 40.270 36.296
7 23.592 41.865 35.760
8 21.664 45.383 37.188
9 25.140 45.710 35.496
10 26.021 47.249 34.828
11 24.449 51.262 36.690
12 28.168 52.135 33.984
13 27.427 55.953 35.432
14 28.375 57.928 35.296
15 29.691 57.971 34.832
16 31.859 61.381 34.811
17 32.773 62.958 34.188--
18 35.242 62.975 34.891
19 38.247 65.419 34.059
20 40.050 66.530 34.394




23 47.712 65.562 34.501
24 50.505 63.798 34.057
25 52.797 62.888 34.934
26 55. 160 63.060 35.594
27 57.057 61.434 34.511
28 59.003 59.469 35.434
29 61.118 58.869 36.378
30 61.016 56.336 36.089
31 60.251 52.590 34.795
32 64.305 51.576 36.729
33 62.254 47.727 34.448
34 63.789 46.594 34.673
35 67.342 45.310 36.643
36 65.158 42.311 34.852
37 66.774 40.876 35.338
38 70.798 40.337 36.385
39 68+237 32.811 35.237
40 68.166 30.201 34.949
41 71.308 29.994 35.266
42 67.879 23.701 33.380
LOWE~: Afi:CH 10
Pt. X Y Z 73
1 25.486 24. 150 34.595
2 23.420 30.368 35.104
3 25.913 31.471 33.956
4 26.256 33.349 33.754
5 24.363 41.300 34.769
6 27.121 41.721 34.551
7 28.745 43.676 33.383
8 27.146 47.614 35.094
9 29.430 49.124 33.052
10 30.147 50.255 33.232
11 28.387 54.246 34.963
12 30 .. 806 55.685 32.403
13 32.264 58.099 35.298
14 31.767 . 60.789 35.471
15 32.730 62.010 34.644
16 35.805 61.921 35.190
17 36.011 63.825 35.007
18 37".689 64.681 35.024
19 38.860 63.393 35.870
20 40.119 64.850 35.773
21 41.800 64.565 35.816
22 43.820 64.612 36.330
23 45.541 65.977 35.719
24 47.155 65.283 36.041
,
25 49.479 64.406 36.051
26 50.988 64.388 35.679
27 51.650 62.782 36.038
28 54.581 63.730 35.164
29 55.647 61.882 35.732
30 55.817 59.387 35.115
31 56.366 57.294 33.279
32 59.679 56.785 35.302
33 59.533 53.343 33.170
34 60.590 51.725 32.798
35 63.491 50.613 34.125
36 63.047 46.953 32.466
37 64.663 45.645 33.331
38 67.629 45.595 33.516
39 68.273 38.056 32.849
40 69.003 36.396 33.483
!Jl 71.788 35.722 34.668
42 70.985 29.384 34.536

LOWE~: AF;:CH 11
Pt. X Y Z
1 22.586 31.106 33.099 75
2 21.809 37.382 34.023
3 25.159 .38.021 32.633
4 24.519 40.244 33.508
5 22.844 47.895 35.153
6 26.206 ·48.509 35.773
7 26.653 50.713 35.247
8 25.275 54.512 36.756
9 28.419 55.782 35.709
10 28.904 56.909 35.652
11 -27.716 60.631 37.661
12 31.567 61.866 36.290
13 31.852 63.969 37.748
14 31.971 66.784 38.038
15 34.041 66.948 37.746
16 36.408 67.485 38.145
17 37.131 69.687 37.859
18 39.483 68.940 38.282
19 40.368 70.919 37.974
20 42.052 72.382 37.565
21 43.430 70.353 38.091
22 45.511 70.576 37.913
23 46.634 72.363 37.353
24 48.172 71.072 37.929
25 49.931 69.143 38.228
26 51.709 70.262 38.117
27 52.821 68.406 38.490
28 55.146 67.047 39.038
29 57.223 67.242 38.442
30 58.204 64.377 37.146
31 58.809 62.602 36.114
32 62.349 61.605 37.417
33 61.158 57.787 35.947
34 61.616 56.254. 35.413
3~ 64.746 55.300 36.521
36 63.404 51.762 35.053
37 65.465 49.348 34.958
38 68.856 5().287 34.942
39 68.755 42.662 33.387
40 69.046 40.007 32.381
41 72.823 39.932 33.136
42 72.587 33.827 32.085
F-~: I JolT Af:: cH 12 76
UF-F-E'=;: A~:CH
Pt. X y Z
1 18.381 23.778 34.838
2 15.673 30.931 36.435
3 19.154 31.563 36.025
4- 18.807 33.657 35.443
5 17.358 41.287 37.568
6 21.103 41.515 36.641
7 21.542 43.424 35.909
8 19.723 46.653 37.634
9 23.633 47.318 36.005
10 23.461 49.160 35.370
11 21.943 52.598 37.072
12 25.723 53.295 35.476
13 26.272 57.394 36.614
14 26.002 60.167 36.571
15 28.400 60.699 36.003
16 31.851 63.400 35.687
17 32. 104 65.771 36.037
18 34.272 65.352 35.277
19 37.097 66.977 35.807
20 39.827 68.776 36.123
21 42.624 67.236 36.031
' .. 22 45.940 67.056 35.303,
23 47.948 69.008 35.551
24 50.051 66.966 35.795
25 53.002 65.842 35.367
26 54.780 66.033 35.823
27 55.262 64.545 35.717
28 58.238 62.989 35.798
29 60.579 62.117 36.458
30 60.503 59.234 36.028
31 61.471 55.558 35.318
32 65.494 55.069 36.281
33 63.734 51.214 34.589
34 64.788 50.087 34.766
35 69.209 49.412 36.499
36 67.711 45.635 34+568
37 68.199 44.819 34.525
38 72.442 45.457 35.899'
39 72.036 37.460 34.468
40 72.379 35.767 33.909
41 75. 7~):~ -35. 113 34.507
42 73.776 27.977 31.603
LOWEr:;: A':;:CH 12
Pt. X y Z 77
1 15.622 27.413 36.799
2 13.959 34.611 36.183
3 17.280 35.240 35.973
4 18.575 36.829 35.513
5 18.105 44.583 35.653
6 21.754 44.357 36.171
7 22.661 45.708 34.814
8 22.361 50.230 35.548
9 25.577 50.835 34.746
10 26.484 51.786 34.134
11 26.579 55.941 35.784
12 29.167 55.889 33.875
13 29.104 58.612 35.487
14 29.569. 60.637 35.522
15 31.545 60.661 36.216
16 34.714 62.772 37.104
17 35.757 64.109 37.277
18 37.827 63.698 37.017
19 39.555 64.078 36 + 345-
20 41.058 65.399 36.002
21 42.611 64.224 36.542
22 45.402 63.841 36.032
23 46.822 64.880 35.492
24 48.284 63.800 35.830
...
;;
25 50.049 63.147 35.685
26 51.641 63.587 35.126
27 52.929 62.101 34.996
28 55.2t>7 60.227 35.054
29 56.950 59.812 34.739
30 57.191 57.812 34.403
31 57.185 54.968 33.294
32 60.014 54.629 34.926
33 60.415 51.053 33.541
34 59. c\92 49.115 33.233
35 62.751 48.174 34.120
36 61.792 44.257 32.989
37 62.601 41.970 33.845
38 65.652 41.783 33.361
39 65.342 34.084 33.037
40 64.701 31.372 33.888
41 67.975 30.111 34.590
42 6~;. 030 23.853 34.065
Appendix C
Tangent, Normal and Binormal to Each Tooth
Listed from 2J to 11. and rr to 71 .
F"f1: I l·lT 1 0 0 O-}Fr-;: AME 1 79
UF"F·E~: Ar:CH 1
X Y Z
t -0.031 -0.994 -0 + 103
n 0.966 -0.003 -0.257
b 0.256 -0.108 0.961
t -0.327 -0.945 -0.003
n 0.942 -0.326 -0.084
b 0.079 -0.031 0.996
t -0.439 -0.888 0.136
n 0.792 -0.453 -0.408
b 0.424 -0.072 0.903
t -0.314 -0.939 0.141
n 0.771 -0.339 -0.540
b 0.554 -0.061 0.830
t -0.592 -0.792 0.147
n 0.619 -0.564 -0.546
b 0.516 -0.232 0.824
t -0.856 -0.505 0.111
n 0.465 -0.845 -0.262
b 0.226 -0.172 0.959
t -0.997 -(/.066 -0.034
n 0.053 -0.957 0.285
b -0.051 0.283 0.958
t -0.990 0.128 -0.053
n -0.113 -0.970 -0.217
b -0.079 -0.209 0.975
t -0.730 0.658 -0. 183
n -0.620 -0.751 -0.226
b -0.286 -0.051 0.957
t -0.650 0.745 -0.152
n -0.627 -0.638 -0.447
b -0.430 -0.195 0.881
t -0.373 0.925 0.078
n -0.785 -0.2·69 -0.559
b' -0.495 -0.269 0.826
t -0.303 0.949 -0.089
n -0.870 -0.313 -0.382
b -0.390 -0.038 0.920
t -0.122 0.978 -0.169
n -0.893 -0.183 -0.410
b -0.432 0.101 0.896
t 0.00:1. 0.994 0.106




... ..... ... ..... "'""_ ..
L_OWE'=;: AFt:CH 1
X Y Z 80
t 0.010 -0.996 0.085
n 0.906 -0.027 -0.423
b 0.424 0.081 0.902
t -0.245 -0.968 -0.060
n 0.968 -0.247 0.036
b -0.050 -0.050 0.998
t -0.515 -0.850 0.112
n 0.672 -0.481 -0.563
b 0.532 -0.215 0.819
t -0.670 -0.741 0.036
n 0.434 -0.430 -0.792
b 0.602 -0.515 0.610
t -0.841 -0.527 -0.118
n 0.536 -0.788 -0.301
b 0.065 -0.317 0.946
t -0.992 -0.121 -0.040
n 0.120 -0.781 -0.613
b 0.043 -0.612 0.789
t -0.964 0.203 -0.170
n -0.175 -0.971 -0.164
b -0.199 -0.129 0.972
t -0.986 0.151 -0.063
n -0.143 -0.982 -0.122
~ b -0.081 -0.111 0.991
.".
t -0.954 0.298 -0.039
n -0.300 -0.950 0.081
b --0.013 0.089 0.996
t -0.687 0.727 -0.005
n -0.725 -0.685 -0.070
b -0.05·4 -0.044 0.998
t -0.425 0.898 -0.113
n -0.659 -0.393 -0.641
b -0.620 -0.198 0.759
t -0.270 0.952 -0.146
n -0.5t>5 -0.279 -0.777
b -0.780 -0.127 0.613
t -0.284 0.958 0.030
n -0.95·4 -0.280 -0.104
b -0.091 -0.058 O. 994 .
t -0.15l 0.987 -0.061
n -0.95-4 -0.161 -0.252
b -0.259 0.021 0.966
F·~:It·~T 1 0 0 O",J,Fr=;: AME 2
81
UP F" Ef': Af':CH 2
X Y Z
t -0.267 -0.964 0.000
n 0.906 -0.251 -0.340
b 0.328 -0.091 0.940
t
-0.278 -0.960 -0.002
n 0.853 -0.246 -0.461





b 0.412 -0.343 0.844
t -0.343 -0.934 0.103
n 0.813 -0.350 -0.465
b 0.470 -0.076 0.879
t -0.630 -0.775 0.040
n 0.719 -0.602 -0.347
b 0.293 -0.190 0.937
t -0.852 -0.523 -0.003 -
n 0.508 -0.826 -0.243




-O"OO,~ -0 .. 978 -0.209


















-0.870 -0 .. 182 -0.459
n
-0.471 0.030 0.882b
t -0.333 0.942 0.046
n
-0.842 -0.275 -0.463










-/'\ ')1")1 -/'\ I\r:::A /'\ 0...,.1\
LOWEf1: A'=;:CH 2 82
X Y Z
t -0.089 -0.972 0.217
n 0.911 -0.168 -0.376
b 0.402 0.164 0.901
t -0.300 ~O.946 -0.127
n 0.953 -0.302 -0.002
b -0.03·6 -0.121 0.992
t -0.758 -0.652 0.012
n 0.605 -0.710 -0.361
b 0.244 -0.266 0.933
t -0.461 -0.839 0.289
n 0.717 -0.544 -0.436
b 0.523 0.006 0.852
t -0.545 ~0.820 -0.174
n 0.755 -0.571 0.323
b -0.364 0.044 0~930
t -0.927 -0.345 -0.145
n 0.345 -0.938 0.026
b -0.145 -0.025 0.989
t -0.991 -0.125 -0.050
n 0.099 -0.927 0.361
b -0.092 0.353 0.931
t -0. 99:~ -0.100 -0.065
n 0.113 -0.961 -0.251
b -0.037 -0.256 0.966
t -0.992 0.089 0.094
n -0.069 -0.978 0.196
b 0.109 0.188 0.976
t -0.695 0.716 -0.068
n -0.701 -0.654 0.285
b 0.159 0.245 0.956
t -0.485 0.838 -0.249
n -0.590 -0.524 -0.614
b -0.645 -0.151 0.749
t -0.618 0.786 -0.026
n -0.660 -0.536 -0.526
b -0.427 -0.308 0.850
t -0.358 0.930 0.085
n -0.93() -0.347 -0.121
b -0.083 -0. 122 0.989
t -0.259 0.966 -0.004
n -0.947 -0.254 -0.197
b -·0.191 -0.047 0.980
83
F°ft: I ~oJT 1 0 0 0"'F~:AME3
UFoFoEft: A~:CI-I 3
X y Z
t -0.183 -0.977 -O.li3
n 0.883 -0.113 -0.455
b 0.432 -0.183 0.883
t -0.312 -0.948 0.060
n 0.861 -0.309 -0.403
b 0.400 -0.074 0.913
t -0.546 -0.834 -0.083
n 0.780 -0.470 -0.412
b 0.304 -0.290 0.907
t -0.473 -0.881 0.012
n 0.683 -0.376 -0.626
b 0.556 -0.288 0.779
t -0.744 -0.665 -0.064
n 0.520 -0.517 -0.679
b 0.419 -0.539 0.731
t -Ot986 -0.149 0.072
n 0.145 -0.988 -0.048
b 0.078 -0.037 0.996
t -0.998 -0.038 0.045
n 0.013 -·0.883 -0.469
b 0.058 -0.468 0.882
~
t -0.978 0.205 -0.022
n -0.176 -0.885 -0.432
b -0.108 -0.419 0.902
t -0.839 0.540 0.070
n -0.528 -0.774 -0.351
b -0.135 -0.331 0.934
t -0.595 0.803 0.014
n -0.783 -0.576 -0.237
b -0.182 -0.152 0.971
t -0.255 0.960 -0.117
n -0.802 -0.278 -0.529
b -0.540 -0.041 0.840
t -0.209 0.978 0.028
n -0.854 -0.169 -0.493
b -0.477 -0. 127 0.870
t -0.195 0.979 -0.054
n -() • 962 -0.202 -0.183
b -0.190 0.016 0.982




X Y Z 84
t -0.086 -0.983 0.161
n 0.822 -0.161 -0.547
b 0.564 0.085 0.822
t -0.180 -0.981 0.072
n 0.927 -0.193 -0.322
b 0.329 0.009 0.944
t -0.450 -0.892 0.042
n 0.768 -0.411 -0.490
b 0.455 -0.188 0.871
t -0.567 -0.799 -0.198
n 0.770 -0.429 -0.473
b 0.293 -0.421 0.858
t -0.707 -0.585 -0.397
n 0.651 -0.319 -0.689
b 0.276 -0.746 0.606
t -0.936 -0.285 -0.207
n 0.292 -0.957 0.001
b -0.198 -0.060 0.978
t -0.986 -0.136 -0.100
n 0.137 -0.991 0.002
b -0.100 -0.012 0.995
t -0.923 0·.384 0.002
n -0.304 -0.736 0.605'.
..
b 0.234 0.558 0.796."
t -0.916 0.401 -0.019
n -0.384 -0.890 -0.245
b -0.115 -0.217 0.969
t -0.699 0.613 0.368
n
-0.654 -0.341 -0.675
b -0.288 -0.713 0.640
t -0.386 0.902 0.192
n -0.807 -0.229 -0.544
b -0.447 -0.365 0.817
t -0.795 0.586 -0.160
n -0.437 -0.735 -0.519
b -0.421 -0.342 0.840
t -0.253 0.967 0.034
n
-0.932 -0.234 -0.277
b -0.260 --0.101 0.960
t
-0.069 0.989 -0. 129
n -0.750 -0.137 -0.647
b -0.658 0.052 0.751
F"J=;: I ~"lT 1 0 0 O"'FJ=;: AME 4 85
UF"F"EJ=;: AJ=;:CH 4
X y Z
t -0.313 -0.948 -0.053
n 0.950 -1).311 -0.034
b 0.015 -0.061 0.998
t -0.470 -0.882 -0.032
n 0.861 -0.450 -0.237
b 0.195 -0.139 0.971
t -0.902 -0.345 -0.260
n 0.407 -0.880 -0.246
b -0.144 -0.328 0.934
t -0.506 -0.861 0.049
n 0.690 -0.439 -0.576
b 0.517 -0.257 0.816
t -0.651 -0.756 -0.059
n 0.744 -0.622 -0.244
b 0.148 -0'.203 0.968
t -0.912 -0.409 0.015-
n 0.301 -0.696 -0.652
b 0.277 -0.590 0.75,8
t -0.995 -0+100 -0.013
n 0.101 -0.973 -0.209
b 0.008 -0.209 0.978
:.
..,
t -0.961 0.274 0.043
n -0.277 -0.945 -0.177
b -0.008 -0.182 0.983
t -0.714 0.696 -0.071
n -0.496 -0.575 -0.650
b -0.494 -0.429 0.756
t -0.512 0.818 -0.263
n -0.415 -0.503 -0.758
b -0.752 -0.279 0.597
t -0.353 0.935 -0.031
n -0.835 -0.329 -0.441
b -0.423 -0.130 0.897
t -0.743 0.656 0.132
n -0.656 -0.675 -0.337
b -0. 132 -0.337 0.932
t -0.403 0.915 0.031
n -0.915 -0.401 -0.050
b -0.034 -0.048 0.998
t -0.242 0.950 0.197
n -0.937 -0.177 -0.300
LOWr~f1: AJ=i:CH4 86
X y Z
t -0.188 -0.965 0.181
n 0.871 -0.249 -0.423
b 0.453 0.078 0.888
t -O.::!18 -0.975 -0.045
n 0.972 -0.213 -0.097
b 0.085 -0.065 0.994
t -0.281 -0.958 -0.062
n 0.831 -0.210 -0.515
b 0.480 -0.196 0.855
t -0.589 -0.806 -0.057
n 0.691 -0.466 -0.552
b 0.419 -0.364 0.832
t -0.795 -0.606 0.001
n 0.605 -0.794 -0.055
b 0.034 -0.043 0.998
t -0.939 -0.342 -0.042
n 0.314 -0.797 -0.516
b 0.143 -0.497 0.856
. -
t -0.982 -0.179 -0.055
n O.:f.86 -0.962 -0.198
b -0.017 -0.205 0.979
t -0.982 0.190 -0.019
n -0.191 -0.970 0.153
. b 0.011 0.153 0.988;;
t -0.980 0.175 0.098
n -0.157 -0.973 0.171
b 0.125 0.152 0.980
t -0.802 0.597 0.002
n -0.537 -0.723 0.435
b 0.261 0.348 0.901
t -0.557 0.828 -0.060
n -0.564 -0.431 -0.704
b -0.609 -0.358 0.708
~ -0.366 0.928 -0.071
n -0.846 -0.363 -0.391
b -0.389 -0.083 0.917
t -0.366 0.928 0.071
n -0.923 -0.353 -0.153
b -0.117 -0.121 0.986
t -0.338 0.932 -0.132
n -0.857 -0.363 -0.367
b -0.390 -0.011 0.921
FOr: IlolT 1 0 0 O·+-F~:AME 5
87
UFo F" E f': Af;:CH 5
X y Z
t -0.330 -0.927 -0.178
n 0.944 -0.318 -0 • ()92
b 0.029 -0.199 ~) • 980
t -0.307 -0.952 0.008
n 0.908 -0.296 -0.297
b 0.285 -0.084 0.955
t -0.377 -0.925 -0.043
n 0.792 -0.298 -0.532
b 0.479 -0.235 0.846
t -0.509 -0.860 0.023
n 0.699 -0.428 -0.573
b 0.503 -0.276 0.819
t -0.480 -0.876 -0.032
n 0.872 -0.473 -0. 127
b 0.096 -0.089 0.991
t -0.887 -0.462 0.028 -
n 0.276 -0.576 -0.770
b 0.371 ~O.675 0.638
t -1.000 -0.005 0.005
n 0.004 -0.979 -0.202




n -0.203 -0.832 -0.516
b -0.130 -0.499 0.857
t -0,.736 0.671 -0.090
n -0.661 -0.740 -0.123
b -0.149 -0.031 0.988
t -0.378 0.915 -0.144
n -0.751 -0.394 -0.531
b -0.542 -0.093 0.835
t -0.463 0.883 -0.075
n -0.660 -0.400 -0.635
b -0.591 -0.245 0.769
t -0.379 0.925 -0.028
n -0.749 -0.324 -0.578
b -0.544 -0.198 0.815
t -0.262 0.965 -0.014
n -0.889 -0.247 -0.386
b -0.376 -0.089 0.922
t -0.109 0.981 0.161
n -0.955 -0.058 -0.291
- - -- .
- - - --
-
- a_
LOWEFt: A'=;:CH 5 88
X y Z
t -0.167 -0.951 0.261
n 0.910 -0.250 -0.331
b 0.380 0.182 0.907
t -0.306 -0.947 -0.100
n 0.951 -0.309 0.021
b -0.051 -0.088 0.995
t -0.512 -0.859 0.008
n 0.699 -0.422 -0.577
b 0.499 -0.289 0.817
t -0.386 -0.913 0.133
n 0.639 -0.369 -0.675
b 0.665 -0.176 0.726
t -0.480 -0.872 -0.096
n 0.772 -0.472 0.426
b -0.416 0.131 0.900
t -0.871 -0.487 0.062
n 9·490 -0.858 0.150
b -0.020 0.161 0 .. 987
t -0.993 0.051 -0.107
n -0.046 -0.998 -0.045
b -0.109 -0.040 0.993
t -0.998 0.036 -0.049
--
n -0.048 -0.956 0.288
.., b -0.036 0.290 0.956
t -0.937 0.346 -0.033
n -0.338 -0.930 -0.146
b -0.081 -0.126 0.989
t -0.444 0.890 0.104
n -0.667 -0.406 0.625
b 0.599 0.208 0.773
t -0.398 0.883 -0.247
n -0.881 -0.443 -0.164
b -0.255 0.153 0.955
t -0.406 0.910 -0.090
n -0.587 -0.335 -0.737
b -0.700 -0.246 0.670
t -0.383 0.923 0.039
n -0.906 -0.366 -0.213
b -0.183 -0.117 0.976
t -0.179 0.975 -0.133
n -0.818 -0.223 -0.530
b -0.546 0.014 0.838
Fo J=;: 1: ~ol T 1 0 0 Oo~Ff;:AME6
A~:CH 6 89UF-FoEJ=;:
X y Z
t -0.079 -0.996 -0.047
n 0.944 -0 + 05'~ -0.324
b 0.320 -0.070 0.945
t -0.217 -0.975 0.036
n 0.941 -0.219 -0.257
b 0.259 -0.022 0.966
t -0.415 -0.908 -0.050
n 0.829 -0.355 -0.433
b 0.376 -0.221 0.900
t -0.300 -0.948 -0.111
n 0.803 -0.188 -0.565
b 0.515 -0.258 0.817
t -0.427 -0.899 -0.096
n 0.525 -0.160 -0.836
b 0.736 -0.407 0.540
t -0.774 -0.616 0.147
n 0.466 -0.710 -0.528
b 0.430 -0.340 0.837
t -0.996 -0.061 -0.067
n 0.088 -0.836 -0.541
b -0.023 -0.545 0.838
~.
t -0.997 0.036 -0.061
n -0.033 -0.998 -0.051
b -0.062 -0.049 0.997
t -0.789 0.598 0.138
n -0.601 -0.707 -0.373
b -0.126 -0.377 0.918
t -0.470 0.883 -0.006
n -0.509 -0.276 -0.815
b -0.721 -0.380 0.579
t -'0.373 0.928 -0.011
n -0.699 -0.289 -0.654
b -0.610 -0.236 0.756
t -0.306 0.951 0.039
n -0.840 -0.251 -0.482
b -0.448 -0.181 0.875
t -0.233 0.968 -0.093
n -0.903 -0.251 -0.349 .
b -O.36l 0.003 0.933
t -0.093 0.989 0.117
n -0.985 -0.075 -0.154
h -0. 144 -0.130 0.981
LOW.Ef1: AJ;:C~" 6
X .y Z 90
t -0.199 -0.956 0.214
n 0.938 -0.249 -0.242
b 0.28.5 0.153 0.946
t -0.272 -0.962 -0.034
n 0.95l -0.263 -0.165
b 0.149 -0.077 0.986
t -0.444 -0.895 -0.047
n 0.847 -0.402 -0.347
b 0.292 -0.194 0.937
t -0.457 -0.889 -0.011
n 0.513 -0.254 -0.820
b 0.727 -0.380 0.572
t -0.404 -0.884 -0.235
n 0.853 -0.272 -0.445
b 0.329 -0.381 0.864
t -0.912 -0.406 0.055
n 0.410 -0.903 0.130
b -0.004 0.141 0.990
t -0.998 -0.056 -0.023
n 0.052 -0.990 0.131
b -0.030 0.129 0.9.91
t -0.994 -0.112 0.017
n 0.112 -0.994 -0.018
b 0.019 -0.016 1.000
t -0.91.3 -0.139 0.385
n 0.187 -0.978 0.091
b 0.364 0.155 0.919
t -0.489 0.758 0.432
n -0.787 -0.169 -0.593
b -0.376 -0.630 0.679
t -0.371 0.926 -0.075
n
-0.517 -0.273 -0.811
b -0.772 -0.262 0.580
t -0.376 0.923 -0.077
n -0.787 -0.362 -0.499
b -0.489 -0.128 0.863
t -0.375 0.925 0.062
n
-0.925 -0.370 -0.084
b -0.055 -0.088 0.995
t -0.213 0.970 -0.116
-0.971 -0.223 -0.085
n
b -O.1()8 0.095 0.990
FoFi: I JolT 1 0 0 0i- F f;: AME 7 91
UFo FoE'=;: Afi:CH 7
X y Z
t -0.095 -0.987 -0.133
n 0.974 -0.065 -0.216
b 0.205 -0.150 0.967
t -0.252 -0.968 -0.012
n 0.959 -0.248 -0.135
b 0.128 -0.045 0.991
t -0.21 04 -0.962 0.168
n 0.826 -0.270 -0.494
b 0.521 0.033 0.853
t -0.531 -0.832 0.159
n 0.679 -0.531 -0.508
b 0.507 -0.162 0.847
t -0.243 -0.970 0.030
n 0.939 -0.243 -0.243
b 0.243 -0.030 0.970
t -0.880 -0.460 0.114
n 0.367 -0.814 -0.451
b 0.301 -0.355 0.885
t -0.982 0.185 -0.041
n -0.188 -0.980 0.071
b -0.027 0.078 0.997
'4
-0.994 0.028 -0.1100° t...,
n -0.011 -0.989 -0.148
b -0.113 -0.146 0.983
t -0.803 0.579 -0.141
n -0.391 -0.690 -0.609
b -0.450 -0.434 0.780
t -0.416 0.867 -0.275
n -0.887 -0.453 -0.086
b -0.199 0.208 0.958
t -0.350 0.935 0.067
n -0.830 -0.276 -0.484
b -0.434 -0.225 0.872
t -0.266 0.955 -0.128
n -0.860 -0.295 -0.416
b -0. 4:~5 -0.001 0.900
t -0.132 0.990 -0.053
n -0.915 -0.142 -0.378
b -0.382 -0.001 0.924
t -0.033 0.993 0.114
n -0.944 0.007 -0.330
b -0.329 -0.119 0.937
L.. 0 WI::: Fi: AI=t:CH 7
X Y Z 92
t -0.214 -0.966 0.142
n 0.909 -0.250 -0.332
b 0.35·7 0.058 0.932
t -0.175 -0.978 -0.115
n 0.982 -0.165 -0.093
b 0.071 -0.129 0.989
t -0.199 -0.978 -0.059
n 0.785 -0.123 -0.607
b 0.587 -0.167 0.792
t -0.189 -0.982 -0.026
n 0.632 -0.102 -0.768
b 0.751 -0.161 0.640
t -0.259 -0.958 -0.121
n 0.198 0.070 -0.978
b 0.945 -0.277 0.171
t -0.795 -0.598 O. :1.05
n 0.602 -0.799 0.008
b 0.079 0.069 0.994
t -0.824 -0.430 0.369
n 0.566 -0.647 0.511
b 0.019 0.630 0.776
t -0.993 -0.037 0.114
n 0.016 -0.984 -0.178
b 0.119 -0.175 0.977
..-
t -0.980 -0.154 0.122
n O.ll6 -0.955 -0.274
b O. :1.59 -0.254 0.954
t -0.211 0.975 -0.071
n -0.439 -0.159 -0.884
b -0.873 -0.155 0.462
t -0.061 0.998 0.010
n -0.615 -0.030 -0.788
b -0.786 -0.055 0.615
t -0.243 0.965 0.097
n -0.797 -0.141 -0.588
b -0.554 -0.220 0.803
t -0.163 0.976 0.145
n -0.979 -0.141 -0.146
b -0.122 -0.166 0.979
t -O.ll)2 0.982 -0.097
n -0.910 -0. 187 -0.370
b -0.381 0.028 0.924
F- Fi: J: ~·l T 1 0 0 O~Ff;:AME8 93
UF"F"Efi: AFt:C~" 8
X y Z
t -0.336 -0.938 -0.090
n 0.919 -0.305 -0.248
b 0.205' -0.166 0.965
t -0.344 -0.936 0.068
n 0.921 -0.351 -0.171
b 0.184 0.004 0.983
t -0.363 -0.927 0.089
n 0.882 -0.373 -0.288
b 0.300 -0.026 0.954
t -0.548 -0.821 0.162
n 0.769 -0.571 -0.288
b 0.328 -0.033 0.944
t -0.730 -0.645 0.226
n 0.493 -0.726 -0.479
b 0.473 -0.238 0.848
t -0.826 -0.557 0.082
n 0.525 -0.815 -0.246
b 0.204 -0.160 0.966
t -0.993 -0.118 -0.013
n 0.118 -0.981 -0.152
b 0.005 -0.152 0.988
~ t -0.980 0.148 -0.133
~
-0.122 -0.975 -0.186n
b -0.157 -0.166 0.973
t -0.832 0.552 -0.055
n -0.507 -0.797 -0.328
b -0.225 -0.245 0.943
t -0.516 0.817 -0.257
n -0.721 -0.576 -0.385
b -0.462 -0.013 0.887
t -0.432 0.901 0.028
n -0.763 -0.349 -0.544
b -0.481 -0.256 0.839
t -0.357 0.924 -0.133
n -0. 8~54 -0.380 -0.399
b -O.4:~() -0.031 0.907
t -0.319 0.940 -0.123
n -0.916 -0.339 -0.216
b -0. 24~) 0.043 0.969
t -0.175 0.977 0.123
n -0.984 -0.169 -0.057
b -0.035 -0.132 0.991
LOWEfi: AJ=;:CHa
X y Z
t -0.338 -0.940 0.040 94
n 0.878 -0.330 -0.346
b 0.339 -0.082 0.937
t -0.38:J. -0.896 -0.228
n 0.924 -0.374 -0.077
b -0.017 -0.240 0.971
t -0.392 -0.914 -0.106
n 0.786 -0.273 -0.555
b 0.478 -0.300 0.825
t -0.351 -0.936 -0.031
n 0.680 -0.232 -0.696
b 0.644 -0.265 0.718
)
t -0.644 -0.741 -0.191
n 0.520 -0.607 0.601
b -0.561 0.287 0.776
t -0.950 -0.259 -0.176
n 0.219 -0.951 0.220
b -0.225 0.170 0.959
t -0.996 -0.002 0.087 -
n 0.021 -0.973 0.228
b 0.084 0.229 0.970
t -0.968 -0.019 0.252
n 0.126 -0.900 0.417
b 0.219 0.435 0.873
'"
-0.919 0.383 0.092t
n -0.367 -0.918 0.151
b 0.142 0.105 0.984
t -0.627 0.714 0.311
n -0.757 -0.653 -0.028
b 0.184 -0.253 0.950
t -0.286 0.958 0.030
n -0.756 -0.206 -0.621
b -0.588 -0.200 0.783
t -0.308 0.949 0.072
n -0.839 -0.236 -0.490
b -0.448 -0.211 0.869
t -0.307 0.945 0.114
n -0.951 -0.309 0.000
b 0.035 -0.108 0.993
t -0.322 0.943 0.083
n
-0.946 -0.317 -0.067
b -0.037 -0.100 0.994
F-J=;: J: ~·IT 1 0 0 O·}Ff;: AME 9 95
UF·F·E~: ARCH 9
X Y Z
t -0.115 -0.972 -0.203.
n 0.986 -0.087 -0.141
b 0.119 -0.216 0.969
t -0.137 -0.990 -0.041
n 0.973 -0.126 -0.195
b 0.188 -0.067 0.980 «
t -0.398 -0.912 0.096
n 0.767 -0.389 -0.510
b 0.502 -0.130 0.855
t -0.540 -0.834 -0.112
n 0.705 -0.376 -0.601
b 0.459 -0.404 0.792
t -0.508 -0.844 0.170
n 0.675 -0.513 -0.530
b 0.534 -0.155 0.831
t -0.871 -0.487 0.063
n 0.359 -0.719 -0.595
b 0.335 -0.496 0.801
t -1.000 -0.008 -0.023
n 0.018 -0.882 -0.470
b -0.017 -0.470 0.882
:.
t -1.000 0.021 0.002
n -0.021 -1.000 0.015
b 0.002 0.015 1.000
t -0.857 0.514 -0.041
n -0.338 -0.619 -0.709
b -0.389 -0.594 0.704
t -0.211 0.925 -0.316
n -0.583 -0.379 -0.719
b -0.784 0.033 0.620
t -0.410 0.912 -0.002
n -0.837 -0.376 -0.398
b -0.364 -0.162 0.917
t -0.270 0.961 -0.065
n -0.900 -0.276 -0.338
b -0.342 -0.032 0.939
t -0.089 0.991 0.098
n -0.978 -0.069 -0.197
b -0.188 -0.113 0.976
t -0.076 0.959 0.273
n -0.995 -0.054 -0.086
1... -O .. OAR -O ... ?7~ {)~Q~Q
LOWER Af9:CH 9
X y Z 96
t -0. 126 -0.956 0.265
n 0.761 -0.264 -0.592
b 0.636 0.127 0.7-51
t -0.165 -0.986 -0.017
n 0.958 -0.156 -0.242
b 0.236 -0.056 0.970
t -0.052 -0.997 0.058
n 0.681 -0.078 -0.728
b 0.730 0.001 0.683
t -0.600 -0.783 -0.167
n 0.645 -0.349 -0.679
b 0.474 -0.515 0.715
t -0.340 ~0.940 0.005
n 0.530 -0.196 -0.825
b 0.777 -0.278 0.565
t -0.943 0.030 -0.331
n 0.013 -0.992 -0.128
b -0.333 -0.125 0.935
t -0.995 -0.081 0.065
n 0.093 -0.974 0.208
b 0.046 0.213 0.976
t -0.995 0.095 -0.024
n -0.097 -0.990 0.100
:, b -0.014 0.102 0.995
1: -0.973 -0.068 0.221
n 0.080 -0.996 0.044
b 0.218 0.060 0.974
t -0.083 0.948 -0.306
n
-0.635 -0.287 -0.717
b -0.768 0.135 0.626
t -0.609 0.786 -0.109
n -0.337 -0.381 -0.861
b -0.718 -0.487 0.497
t -0.327 0.945 -0.009
n -0.831 -0.292 -0.474
b -0.451 -0.147 0.880
t -0.223 0.972 -0.074
n
-0.915 -0.235 -0.328
b -0.336 -0.005 0.942
t
-0.138 0.966 -0.219
n -0.729 -0.249 -0.638
b -0.670 0.071 0.739
F- 1=': J: l-l T 1 0 0 O-.}Ffi:AME 1 0 97
UF-F"E(=;: Afi:CH 10
x· y Z
t 0.030 -0.945 -0.325
n 0.999 0.038 -0.019
b 0.031 -0.324 0.946
t -0.216 -0.973 -0.085
n 0.937 -0.183 -0.297
b 0.273 -0.144 0.951
t -0.373 -0.926 0.064
n 0.815 -0.359 -0.454
b 0.444 -0.118 0.889
t -0.397 -0.904 0.156
n 0.692 -0.407 -0.597
b 0.603 -0.129 0.787
t -0.732 -0.653 0.194
n 0'-594 -·0. 752 -0.288
b 0.334 -0.096 0.938
t -0.904 -0.426 -0.021
n 0.350 -0.770 0.534
b -0.244 0.475 0.845
t -0.999 -0.026 0.038
n 0.010 -0.935 -0.355
b 0.045 -0.355 0.934
..
-0.983 0.183 0.014.., t
n -0.178 -0.934 -0.311
b -0.044 -0.308 0.950
t -0.942 0.322 0.094
n -0.297 -0.672 -0.678
b -0.155 -0.667 0.729
t -0.532 0.829 -0.173
n -0.731 -0.553 -0.399
b -0.426 -0.086 0.901
t -0.380 0.923 0.066
n -0.798 -0.291 -0.527
b -0.467 -0.253 0.847
t -0.304 0.952 -0.040
n -0.801 -0.278 -0.531
b -0.516 -0. 130 0.847
t -0.178 0.984 0.012
n -0.949 -0.169 -0.265
b -0.259 -0.059 0.964
t 0.043 0.971 0.234
n -0.993 0.068 -0.100
b -0.113 -0.228 0.967
LOWES:;: A~:CH 10
X y Z
t -0.058 -0.995 0.087 98
n 0.916 -0.088 -0.391
b 0.397 0 .. 057 0.916
t -0.102 -0.990 -0.094
n 0.990 -0.092 -0.104
b 0.094 -0. 104. 0.990
t -0.125 -0.990 0.060
n 0.722 -0.132 -0.68.0
b 0.681 -0.041 0.731
t -0.119 -0.982 0.150
n 0.682 -0.191 -0.706
b 0.722 0.018 0.692
t -0.117 -0.980 0.164
n 0.788 -0.192 -0.585
b 0.605 0.061 0.794
t -0.563 -0.825 0.050
n 0.824 -0.556 0.109
b -0.062 0.102 0.993
t -0.929 -0.370 0.017
n 0.370 -0.926 0.076
b -0.012 0.077 0.997
t -0.977 -0 .. 197 0.085
n 0.214 -0.889 0.404
b -0.004 0.413 0.911
t -0.801 0.599 0.005
n -0.552 -0.742 0.381
b 0.232 0.302 0.925
t -0.274 0.962 0.011
n -0.638 -0.173 -0.751
b -0.720 -0.212 0.660
t -0.625 0.780 0.022
n -0.585 -0.450 -0.675
b -0.517 -0.435 0.737
t -0.457 0.887 0.062
n -0.742 -0.342 -0.577
b -0.491 -0.310 0.814
t -0.429 0.902 0.057
n -0.901 -0.422 -0.097
b -0.064 -0.093 0.994
t -0.269 0.952 -0 ..143
n -0.883 -0.303 -0.359
b -0.385 0.030 0.922
F" fW: :r.l·~ T 1 0 0 O+Ff;: AME 11 99
UF·F·E~: Af;:CH 11
X Y Z
t -0.333 -0.931 -0.152
n 0.930 -0.298 -0.213
b 0.153 -0.212 0.965
t -0.267 -0.960 0.087
n 0.957 -0.275 -0.095
b 0.115 0.058 0.992
t -0.374 -0.924 0.077
n 0.812 -0.367 -0.454
b 0.448 -0.107 0.887
t -0.382 -0.908 0.173
n 0.763 -0.416 -0.495
b 0.521 -0.058 0.851
t -0.567 -0.797 0.208
n 0.783 -0.600 -0.164
b 0.255 0.070 0.964
t -0.955 -0.292 0.060
n 0.293 -0.956 0.023
b 0.051 0.040 0.998
t -0.999 0.049 0.001
n -0.049 -0.999 -O.Q06




n -0.190 -0.982 0.022
b 0.082 0.006 0.997
t -0.833 0.544 -0.098
n -0.512 -0.826 -0.234
b -0.208 -0.145 0.967
t -0.492 0.780 -0.386
n -0.773 -0.596 -0.217
b -0.399 0.192 0.897
t -0.073 0.970 -0.232
n
-0.896 -0. 166 -0.411-
b -0.437 0.178 0.881
t -0.262 0.945 -0.198
n
-0.859 -0.321 -0.398
b -0.440 0.066 0.896
t -0.250 0.965 -0.083
n
-0.950 -0.261 -0.168
b -0. 184 0.037 0.982
t -0.095 0.995 0.007
n
-0.983 -0.093 -0.157
b -0.155 -0.022 0.988
LOWE'=;: Afi:CH 11
X Y Z 100
t -0.348 -0.935 0.063
n 0.850 -0.343 -0.400
b 0.396 -0.086 0.914




t 0.862 -0.261 -0.434
n 0.386 -0.216 0.897b
t -0.470 -0.875 -0.113
n
0.782 -0.354 -0.512
b 0.409 -0.329 0.851
t
-0.592 -0.806 0.001
n 0.792 -0.582 -0.182






t -0.983 0.182 -0.038---
n
-0.185 -0.949 0.255












t -0.683 0.596 0.422
n -0.671 -0.740 -0.040
b 0.289 -0.311 0.906
t -0.438 0.898 0.031
n -0.809 -0.379 -0.449
b -0.391 -0.222 0.893
t -0.369 0.927 0.074
n -0.846 -0.301 -0.440
b -0.385 -0.225 0.895
t -0.432 0.878 0.206
n -0.900 -0.435 -0.034
b 0.060 -0.200 0.978
t -0.497 0.867 0.042
n -0.845 -0.472 -0.249"
b -0.197 -0.159 0.968
Fo f;: :r ro' T 1 0 0 0"'F~:AME12 101
UFoFoEr: Ar:CH 12
X y Z
t -0.098 -0.984 -0. 150
n 0.985 -0.074 -0 • 158
b 0.145 -0.163 0.976
t -0.278 -0.950 -0.145
n 0.928 -0.226 -0.295
b 0.24°7 -0.216 0.945
t -0.473 -0.881 -0.022
n 0.781 -0.408 -0.473
b 0.408 -0.241 0.881
t -0.480 -0.877 -0.022.
n 0.773 -0.410 -0.484
b 0.415 -0.250 0.875
t -0.535 -0.831 0.154
n 0.815 -0.555 -0.165
b 0.223 0.037 0.974
t -0'.772 -0.622 0.131
n 0.563 -0.764 -0.316 -
b 0.296 -0.170 0.940
t -0.998 -0.047 -0.040
n 0.051 -0.991 -0.120
b -0.034 -0.122 0.992
t -0.993 0.022 -0.119
:.
-0.021 -1.000 -0.006n
b -0.119 -0.004 0.993
t -0.860 0.493 -0.133
n -0.456 -0.858 -0.237
b -0.231 -0.143 0.962
t -0.516 0.855 -0.052
n -0.797 -0.501 -0.337
b -0.314 -0.132 0.940
t -0.457 0.877 0.147
n -0.852 -0.384 -0.356
b -0.256 -0.288 0.923
t -0.548 0.835 0.037
n -0.741 -0.465 -0.484
b -0.387 -0.293 0.874
t -0.462 0+887 0.007
n -0.840 -0.436 -0.323
b -0.283 -0. 155 0.946
t -0.169 0.945 0.280
n -0.960 -0.094 -0.265
b -0.224 -0.313 0.923
LOWEFt: AFt:CH 12
X y Z 102
" t -0.206 -0.973 0.103
n 0.977 -0.210 -0.024
b 0.045 0.095 0.994
t -0.388 -0.918 -0.080
n 0.911 -0.395 0.120
b -0.142 -0.026 0.989
t -0.494 -0.869 0.012
n 0.828 -0.475 -0.297
b 0.264 -0.137 0.955
t -0.547 -0.836 0.053
n 0.624 -0.448 -0.640
b 0.559 -0.317 0.766
t -0.747 -0.627 -0.223
n 0.577 -0.777 0.252
b -0.331 0.060 0.942
t -0.958 -0.285 0.027
n 0.273 -0.939 -0.209
b 0.085 -0.192 0.978
t -0.997 -0.048 -0.064
n 0.024 -0.942 0.334
b -0.076 0.331 0.940
t -0.997 0.014 0.070
n 0.014 -0.924 0.383
b 0.070 0.383 0.921
.~
t -0.917 0.333 0.219
n -0.278 -0.928 0.247
b 0.286 0.165 0.944
t -0.610 0.765 0.206
n -0.779 -0.627 0.023
b 0.147 -0.147 0.978
t -0.636 0.770 -0.049
n -0.590 -0.525 -0.613
b -0.498 -0.361 0.788
t -0.396 0.917 0.046
n -0.858 -0.352 -0.374
b -0.326 -0.188 0.926
t -0.327 0.940 0.096
n -0.933 -0.337 0.129
b 0.154 -0.048 0.987
t -0.044 0.999 -0.024
n -0.978 -0.048 -0.204
b -0.204 0.014 0.979
Appendix D
3-Dimensional Arch Length, Curvature and Torsion
Listed tooth-to-tooth from 2J to 12 and J7 to 71













































































































































































































































































































































































































































































































































15.728 4 + 1542
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A listing of the 3-dimensional coordinates of the seventeen,
investigated skeletal landmarks, four facial dimensions and eight
interplanar angles with comparisons to the Donver Sample.
DATA1~COMP SKULL1[68J 9
VCOMFo [N68 J f;}
~'lOT FOU~o~I): 68
'VCOMFo [N6 7] 'V
117
I:.ATA 1 ~COMF' SKULL!
X y Z
1 176.025 105.723 75.785
2 116.856 99.569 79.542
3 165.074 82.393 100.030
4 164.864 80.771 54.739
5 174.534 61.231 78.945
6 131.509 66.509 89.382
7 131.661 65.928 70.938
8 152.305 3.739 91.115
9 151.766 3.500 78.317
10 .103.632 36.689 120.890
11 105.410 27.239 45.140
12 175.024 36.402 84.439
13 150.272 44.187 105.724
14 148.964 41.554 55.239
15 170.281 36.235 83.938
16 149.562 42.666 102.228
17 150.511 40.304 59.734
UF-FeER FACIAL J-tEIGHT IS 44.629
--
;; LOWEfi: FACIAL HEIGHT J:S 62.117
UF-F-Efi: !)Er·ITAL HEIGHT IS 25.434
LOWE'=;: I:'E~·tTAL HEIGHT IS 37.380
THE Al-lGLE E<ETWEE1-1 THE CRA1-IIAL AJ·II) MAX:ILLAR-y"' FeLAJ-~ES :IS 13.013
THE A~'IGLE EcETWEE1-1 THE CF::A l-l :r A L Ar·l:r. MA~·'DI:BULAR PLAl·IES IS 37.234
THE Al-lGLE EcETWEE~-~ THE MA~': I LLAR-f AI-II) MAJ-lDl:BULAf;: PLA~'lES IS 24.634
TI--IE Al'lGLE BETWE-:E~'~ THE MA}·lI:' I BIJLAFt; A l·l 1) MA~~D IEcULAfi: OCCLUSAL PLAt'lES XS 16.3C
THE AJ'IGLE EcETWEEi·l THE MA~': I LLAR-,' Al·lr· MA}~:ILLAr:-Y- OCCLUSAL F'LA~-IES IS 8.335
THE Ar'IGLE EcETWEE}ol THE MAl·lr. I BULAFt: A l·l I:' OCCLUSAL F-LA}'lES IS 16.268
THE A}·lGLE BETWEE~'1 THE M A }.~ ILL A f9: oJ" At·ll) OCCLUSAL F-LAl-IES IS 8.366
°r~"E Al'lGLE BETWEEl'l TI-.,,=: CFi:At·1 I AL A'·ll:. OCCLUSAL F'LA~'IES IS 21.143
I'ATA2-f-COMF' S I< LIL_L.2
X Y Z
1 176.071 1()5.545 75.390
"1 116.896 99 • 6()6 79.431...
3 146.860 78.560 90.591
4 147.539 79.027 63.886
5 174.390 61.212 78.002
6 131.417 66.231 88.873
7 131.877 65.769 70 .186
8 152.283 3.819 90.193
9 151.290 3.295 77.357
10 103.512 36.745 120.972
11 105.116 27.569 45.034
12 174.825 36.580 84.825
13 150.418 44.178 105.976
14 149.029 41.558 54.655
15 170.298 36.312 83.911
16 149.761 42.867 101.435
17 150.333 40.207 59.166
UFoF·Ef1: FACIAL HEIGHT IS 44.442
LOWER: FACIAL. HEIGHT IS 62.196
UFOF"EfS: IIE~"~TAL_ HEiGHT IS 25.563
LOWEfi: I)El·ITAL HEIGHT IS 37.624
.• THE Al·lGLE E(E·r~eJEE~·' T"~E Cfi:Al'~ I AL Al'~ I) MA~"~:rLLAf;:".,. PLA~·lES l:S
'"




THE ANGLE BETWEEN THE MAXILLARY AND MANDIBULAR PLANES IS 25.074
THE ANGLE BETWEEN THE MANDIBULAR AND MANDIBULAR OCCLUSAL PLANES IS 16.59i
THE Al·IGLE Ec E T WE:: P': J'~ TI-II~ MA}·~:r LL A fi: "Y· At·~II MA~·~:r LLAROT" OCCLUSAL FoLA1'lES l:S 8.502
THE Al'~GLE EcET"-'EEr·l THL=': MA1"lI:l:r B ULAfi: Al·~X:1 OCCLUSAL FeLA1·lES IS 16.392
TI-IE Al"~GLE :BETWEE::t·~ Tt-IE MA}·{ I LLAfi:"y° A l·l 1:1 OCCLUSAL F·LA1·'ES IS 8.707





1 177.364 1.12.207 88.271
2 115.6-13 104.002 85.456
3 168.438 87.681 114.499
4 170.460 87.858 61.288
5 184.021 65.768 87.552
6 135.922 67.302 96.715
7 136.304 67.063 74.533
8 164.909 12.699 100.590
9 166.522 11.207 75.692
10 115.001 33.058 126.608
11 115.544 32.977 43.198
12 180.741 41.424 91.366
13 157.530 46.793 112.425
14 160.311 46.210 60.832
15 176.858 44.715 90.679
16 153.760 47.101 108.775
17 156.695 45.803 64.162
UPF-E'=;: FACIAL HEIGHT IS 46.919
LOWE~: FACIAL "-IE IGHT IS 56.846
UPF·E~: rIEr-~TAL I-IE I GHT IS 24.858




THE ANGLE BETWEEN THE CRANIAL AND MAXILLARY PLANES IS 9.301
THE ANGLE BETWEEN THE CRANIAL AND MANDIBULAR PLANES IS 30.227
THE ANGLE BETWEEN THE MAXILLARY AND MANDIBULAR PLANES IS 20.955
THE ANGLE BETWEEN THE MANDIBULAR AND MANDIBULAR OCCLUSAL PLANES IS 9.5
THE Al·lGLE BETWEEr·1 T"~E MA~·: I LLAR-l- A~·ID MA~{:rLL AFt:-,- OCCLUSAL F·LA1-~ES J:S 11.38
THE Al-IGLE I;<ETWEE1-~ THE MA~·II) I BULAfi: A t·l ta OCCLUSAL F·LA~·IES IS 13.710
TOHE Al·IGLE EcETWEEl·1 THE MA~·~ I LL AS=;:-y A l·l I) OCCLUSAL F-LA1·IES IS 7.254
THE Ar·~GLE BE-:TWEE1-1 THE Cfi:Al·~ I AL Ai·lI) OCCLUSAL F-LAI·IES :IS 16.546
rIATA4f-COMF- SKULL4
X Y Z
1 175.• 010 101.135 87.341
" 118.539 98.067 84.837~
3 161.375 76.044 109.186
4 163.606 78.691 60.409
5 176.669 55.027 84.591
6 129.309 63.078 90.797
7 129.195 64.143 74.874
8 152.782 0.680 97.228
9 153.375 0.695 80.491
10 101.019 23.827 123.455
11 102.274 26 + 156 47.517
12 175.267 30.816 88.553
13 149.726 35.958 109.393
14 152~725 37.478 56.936
15 170.828 31.629 89.597
16 148.163 35.843 108.048
17 149.869 36.406 65.543
UF-F-ER FACIAL HEIGHT IS 46.220
LOWE'=;: FACIAL HEIGHT IS 59.393
UPF-Efi: I)E~·!TAL HEIGHT IS 24.573
LOWE~: !)El-lTAL HEIGHT IS 35.679
..j;
THE Al-1GLE BETWEE~-~ THE Cr=;:Al-~IAL Ar·~rl MA~-~ I LLAf':-t F·L_Al·IES is 13.367
THE Al·IGLE E(ETWEE1-~ THE C':;:Al·l I AL Al-~I) MAl-II:I I E<ULA':;: F·LAt·I~:S IS 28.405
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THE Al·lGLE EcETWEE1·1 THE MA~·~ J: LLA~:-Y" A J-f I:I MA~-lI) I BULAfi: F·LA~·IES IS 15.126
THE AJ·IGLE BETWEEr-~ THE MA1·lI) I BULAR Al·ll:. MAr-II' I BULAFi: OCCLUSAL F-LAl-lES IS 11.89
THE AJ-lGLE BETWEEr·~ THE MA}·~ I LLAf;:"t A l-I I:' M A }-~ :I 1_ L A fi: -f OCCLUSAL F-LA~·lES IS 3.416
THE Ftl·lG~E EcETWEEr-l THE MA~·I[I:rBUL AFW: A l-~I) OCCLUSAL F-L_Al-lES IS 12.784
THE Ar·lGLE BETWEEi·1 THE MA~·: I LLA~:-T" A ?·lI:1 ()CCL_USAL F-L_AJ·lES IS 2.957
THE Ar-lGLE BETWEEr·~ THE C~:Al·1 I AL Al·I[' OCCL_USAL F-LAJ·~ES IS 15.658
121
!)ATA 54.-COMF· S KULL 5
X Y Z
1 174.269 114.154 81.051
2 113.821 105.702 81.705
3 164.275 92.230 114.007
4 166.145 88 • 79() 53.470
5 176.944 70.997 85.666
6 134.716 72.855 94.186
7 134.601 72.070 75.317
8 155.256 15.472 96.869
9 155.295 14.561 80.000
10 109.026 37.259 125.338
11 108.349 34.362 47.655
12 179.186 47.126 90.197
13 153.248 52.953 111.273
14 154.356 50.214 60.635
15 177.082 47.869 88.370
16 154.327 52.547 106.221
17 155.634 50.873 65.774
UPF-Ef';: F~~C:r:AL HEIGHT IS 43.485
LOWE'=;: FACIAL HEJ:GHT :rs 60.092
UPF-E~: I)El·lTAL HEIGHT IS 24.400
LOWEFY: I)Et·lTAL HEIGHT :rs 39.431
:.
~
THE A~·lGLE BETWEEl·l TI--IE Cf1:Al·lI AL A t·l 1:- MA~-::r LLAR-,- F-LA1·lES IS 10.255
THE Al·IGLE BETWEE1·l THE Cf1:A 1·l I AL Al·~ I) MA1·lI):r BU LAJ=;: F-LAt·IES IS 32.169
THE Al·lGLE EtETWEE1·l THE MA~·~:rLLAJ=;:·Y" Al·lI:1 MAl-lI):r BULAFt: F-LA;·lES :IS 22.082
THE Al·~GLE EcETWEE1·l THE MA}·~I:I I BULAR AJ·lD MA1·lI:l:r BULAfi: OCCLUSAL FoLA1·lES is 13.71
THE AJ·lGLE BETWEEl·l THE MA~-~ILLAr:·t Ai·II:. MA~-~:rLLAFt:-yO OCCLUSAL PLAr·IES :r:s 8.390
THE Al-~GLE BETWEE1-~ THE MAl·' I:. :r E< U L A Ft: A~-II) OCCLUSAL F-LA1·IES IS 13.878
THE Ar-lGLE BETWEE~·1 TI--IE MA~·~:rL L A~:-r" A 1-' II OCCLUSAL F-LAJ-IES IS 8.204




1 183.257 98.968 87.043
2. 117.779 103.935 84.345
3 164.649 75.673 114.022
4 168.322 77.815 58.444
5 175.572 49.765 84.715
6 134.444 60.584 92.710
7 134.669 62.375 75.419
8 157.352 0.000 96.285
9 157.774 0.376 66.519
10 108.012 22.919 121.587
11 108.599 27.234 41.058
12 175.786 28.7l3 88.335
13 149.058 34.258 111.132
14 151.753 39.152 57.009
15 172.439 31.963 88.451
16 150.285 35.111. 106.135
17 151.690 37.842 62.009
UPF·EFt: FACIAL HEIGHT IS 49.854
LOWE~: FACIAL HEIG .... T IS 52.851
UF·F-Efi: I)Er'~TAL HEIGHT IS 21.362
LOWEfi: I)EJ·~TAL HEiGHT IS 35.786
.;.
..
THE AJ·lGLE EcETWEEt·~ ,·J.-IE CFi:Ar·~ I AL Al·~rl MA~-~ I LLAR-T" F"LAl:~ES :IS 12. 137
THE Al-~GLE EcETWEE~·1 TH[~ CFi:Ar'l I AL Al·II) MA~"II) I BULAR PLAJ·~ES :r s 22.578
THE AI·lGLE E<ETWEEt-~ THE MA~'::ILLAf;:-t At-II' MA~-Irl:rBULAR F-LA1-lES J:S 11.314
THE Al'~GLE :BETWEE1·~ THE MA~'II):r:eULAR Al·II) MAl"II):r EcULAfi: OCCLUSAL F·LAl-IES l:S 10.6
THE Al·lGLE EcETWEE1-1 THE MA~·::rLLA~:-,( Al"~D MA~{:ILLAR-,- OCCLUSAL PLAJ'lES IS
.711
THE Al·IGLE EcETWEE}·' THE MAl·I!:-:r BULA~: Al·lI) OCCLUSAL F-LA1'IES ;[5 13.076
THE Al-lGLE BETWEE1-1 THE MA~-~:rLLA~:·f AJ-lI) OCCLUSAL F"LAl-IES IS 2.289
THE Al-IGLE EcETWEE1-l TI-I Eo: C'=;:Al·1 I AL AI·I!:. OCCLUSAL PLA1·lES IS 9.929
I:'ATA7+-COMF" SKULL7
X Y Z
1 182.852 96.170 83.144
,., 116.709 95.212 82.091...
3 166.408 74.891 113.201
4 168.422 74.290 54.007
5 177.963 51.715 85.315
6 132.541 60.305 92.504
7 132.374 61.446 74.270
8 164.922 0.000 91.208
9 164.832 0.000 80.247
10 103.980 24.404 126.445
11 101.698 23.639 43.680
12 178.589 32.507 89.299
13 153.278 36.038 112.859
14 154.140 35.430 58.430
15 175.191 33.374 88.948
16 154.121 35.563 107.843
17 153.929 35.808 63.693
UPPER FACIAL HEIGHT IS 44.776
LOWE'=;: FACIAL HEIGHT IS 53.347
UPPER DENTAL HEIGHT IS 19.627
LOWER DENTAL HEIGHT IS 35.080
THE A ~"IG L E BETWEE ~.~ TI-l E C~: A ~.~ I A L· A ~.~ r. M A ~": :r L L A Ft: "Te F-LA l"l E S :I 5 12 • 747
THE ANGLE BETWEEN THE CRANIAL AND MANDIBULAR PLANES IS 22.023
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THE Al"IGLE BETWEE1·l THE MA}·~:r LLA~:·t Al'~D MA1'~I']:BULA~: F"LAr'lES IS 10.894
THE Al"lGLE :BETWEEl·~ THE MA"~I:I:IEcULA~: AI-II) MA1·~I) I E<ULA~: OCCLUSAL F-LA1-lES IS 13.722
THE Al·IGLE· BETWEE~'1 THE MA>~:rLLA)=;:'y" AJ-lD MA~·~:rLLAJ=;:",· OCCLUSAL FeLA1·lES IS 5.·446
THE Al·IGLE BETWEEl·1 THE MA~'II:1 I BULA~: A~-lrl OCCLUSAL F·LA1"~ES IS 14~381
THE ·A~·lGLE BETWEEr·l THE MA~·~ I LLAFi: Of A;·lD OCCLUSAL F"L_Al'IES IS 5.645
THE Al·IGLE BETWEE1'l TJ-iE CJ=;:Al'~ I AL A10lr. OCCLlJSAL PLA1'IES IS 7.732
J)ATA~i-COMF" SKULL8
Y Z
1 180.201 104.228 76.234
2 114.884 99.033 79.678
3 170.100 82.973 103.024
4 166.665 79.765 53.028
5 175.178 60.153 80.066
6 130.605 65.189 89.028
7 129.624 64.404 73.052
8 152.035 4.467 96.439
9 148.382 3.422 67.850
10 124.460 26.867 87.153
11 82.742 26.848 81.525
12 173.037 35.775 84.752
13 149.141 41.398 106.599
14 147.208 38.240 56.939
15 171.313 36.150 82'.998
16 149.838 40.882 99.730
17 148.190 38.901 62.512
UF"F·Ef': FACIAL HEIGHT :1:5 44.526
LOWE'=;: FACIAL HEIGHT IS 61.540
UF·F·E~: IIEl"~TAL HEIGHT IS 24.916
LOWE~: I:IE1"~TAL HEIGHT IS 38.514
11
.~HE ANGLE BETWEEN THE CRANIAL AND MAXILLARY PLANES IS 10.590
~
THE ANGLE BETWEEN THE CRANIAL AND MANDIBULAR PLANES IS 67.285
124
THE A~"~GLE BETWEE~·l THE: MA~·~ I LLAfi:·f A ~-~I) MAr"~I) I BULAF: PLA~"~ES IS 66.063
THE Al-lGLE EcETWEE~"l THE MA~·~I:I I BULAr: A~-lI:1 MA~·lI)I BULA~: OCCLUSAL F·LA~·lES IS 64.927
THE AJ·tGLE BETWEE1·l TJ--IE MA~·~ILLAR-'" AJ·~l:a MAXILLAR"y· OCCLUSAL PLA1-IES IS 3.968
THE A~-lGLE EcETWEE~·1 THE MA~·~I:II BULAR A~"II:1 OCCLUSAL F-LAl·~ES IS 65.186
THE Al"IGLE E<ETWEE1·~ THE MA~"'ILLAR·( A ~-~I) OCCLUSAL F-LA1-IES IS 3.974





1 174 •.186 110.529 78.651
2 114.349 103.638 81.555
3 164.226 87.837 108.861
4 163.205 87.841 53.278
5 178.164 62.354 80.040
6 133.820 67.301 91.867
7 133.958 65.400 71.756
B 163.345 10.401 92.164
9 161.052 9.508 67.476
10 107.296 30.745 127.657
11 103.954 29.183 37.559
12 181.867 41.507 84.444
13 156.588 45.422 109.394
14 154.374 45.203 5:1..972
15 179.126 41.927 82.317
16 157.539 46.208 102.640
17 156.050 44.973 58.601
UPPER FACIAL HEIGHT IS 48.359
LOWEr: FACIAL HEIGHT IS 54.778
UPPEr: r'El-lTAL HEIGHT IS 21.626
~LOWER I:'E~-lTAL HEIGHT IS 36.263
~
THE Al-IGLE BETWEEl-l THE C~:Al·~ I AL At·lD MA~-~ I LLAFt:-y" F"LA1·lES IS 12.840
THE Al-IGLE BETWEEl-~ THE Cfi:Ar·1 I AL Ar·lr, MAl·lr'I EcUL_Af': F-LA1"IES IS 26.075
THE ANGLE BETWEEN THE MAXILLARY AND MANDIBULAR PLANES XS 14.896
THE A}-IGLE BETWEE~-~ THE MAl-lI) I EcULA~: A~-ll) MAl·IX) J: E<Ul_A~: OCCLUSAL F·LA~·~ES :r 5 11 .173
THE ANGLE BETWEEN THE MAXILLARY AND MAXILLARY OCCLUSAL PLANES IS 5.853
THE ANGLE BETWEEN THE MANDIBULAR AND OCCLUSAL PLANES IS 10.537
THE A~·IGLE EcETWEEr-1 THE MA~·~:rLLAf;:-Y" A(-~rJ OCCL_USAL F"l_Al-lES :r s 5 • 692
THE A~·IC;LE BETWEE~·1 THE CJ=;:Al-~IAL Al·lr· OCCLUSAL F"LAl-IES IS 15.584
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IIATA 1 Oi-COMF· SJ< ULL 10
X y Z
1 175.594 119.991 90.421
2 117.326 105.796 87.855
3 165.113 95.781 114.084
4 169.501 96.226 62.863
5 182.799 74.059 89.024
6 130.710 73.299 105.506
7 136.484 73.023 78.391
8 166.954 12.881 104.145
9 170.455 12.834 77.744
10 111.259 29.239 124.989
11 116.429 29.580 46.308
12 186.043 50.959 94.345
13 156.196 50.705 114.534
14 159.237 50.241 61.734
15 183.601 50.358 93.129
16 157.694 50.608 110.908
17 161.460 50.453 67.317
UF-poEf': FACiAL HErGHT J:S 46.515
LOWEFt: FACIAL HEIGHT IS 62.833
UF-F-Eft: I)EJ·tTAL HEIGHT IS 23.926
LOWEi=': ))Er·lTAL HEIGHT IS 40.410
..
. '.
..-~ THE Al·lGLE BETWEEJ·~ T"~E Cft:Al·1 I AL Al·II) MA~-~ l: LLAfi:-,- F-LA1-tES :IS 12.796
THE Al·lGLE E<ETWEEl·l THE CFi:Al·~ I AL Al·lr· MAl·lI) I BULAfi: F-LA~-lES :rs 30.481
THE Al-IGLE EcETWEEr-~ THE MA~-~:ILLAR-T- Al'~[I MAl-lJ:a I EcULA(=;: F-LA1-~ES :IS 17.888
THE AJ-IGLE EtETWEEt-' THE MA1-~I:1 J: EcULAft: Al'~ 1:1 MA loll) J: :Ec U L A fi: OCCLUSAL F-LA1'~ES l:S 17.6
THE Al-lGLE BETWEE1·l THE MA~·::rLLAR-T- Al·lI:1 MAXILLAfS:·l- OCCLUSAL PLA1·lES IS
.351
THE Al-~GLE E<ETWEE1-l THE MAl-II) I :EcULAR A l·l 1:- OCCLUSAL F-LA1-IES 1:5 16.961
THE Al-lGLE E<ETWEE1-l THE MA}·~ I LLAf':-T- Al'~I) OCCLUSAL F'LA1-~ES IS
.994
THE Al-lGLE BETWEE1·l THE C Fi:A 1·1 I AL Al·l [I OCCLUSAL F-LAlo~ES IS 13.667
I)ATA 11 +-COMF" SKULL11
X Y Z
1 169.879 105.866 87.852
~ 110.342 96.581 88.739...
3 155.659 81.762 113.953
4 159.'940 80.656 61.559
5 164.959 63.773 88.554
6 126.597 66.480 93.458
7 127.893 66.173 79.037
8 148.345 10.503 94.102
9 149.198 10.727 77.659
10 97.828 34.505 120.068
11 104.419 33.477 46.679
12 168.963 39.884 92.567
13 141.006 44.984 112.605
14 146.177 44.218 61.242
15 166.312 41.786 90.083
16 143.512 44.865 107.696
17 146.731 45.092 66.002
UPPE':;: FACiAL HEIGHT IS 42.385
LOWER FAC:IAL HEIGHT IS 55.632
UPPER I)El-ITAL HEIGJ-fT IS 24.552
LOWE'=;: ])El·'TAL HEIGHT IS 36.013
:'THE Al"~GLE EcETWEE1·1 Tf-iE Cfi:A~·~IAL A J"I rl MA~":ILLAfi:·T· F·LAl"~ES IS 13+879
THE ANGLE BETWEEN THE CRANIAL AND MANDIBULAR PLANES IS 35.460
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THE Al·lGLE EcETWEEl"1 THE MA~-~:ILLAR"Y" Ai-lD MAl·II) I BlJLAFi: F·LA~·lES IS 22.262
THE Al·lGLE EcETWEE~~ THE MAl-~I:a:rE<ULAr: Al-ll) MAr"lI:t:r :BULAfi: OCCLUSAL F-LAt"lES :r:s 15.628
THE Al-lGLE BETWEEr"~ THE MA~·~:rLL AR"T" A}-~D MA~"{ I LL_AFt:"T· OCCLUSAL F-LAI-lES :IS 6.647
THE Al"IGLE EcETl\lEEJ·' THE MA}"lI):r BULAr: AHra OCCLUSAL F·LAl·~ES :IS 16.629
THE Al·'GLE EcETWEEl"1 THE MA~-~ 1: LLA~:-l· A~ID OCCLUSAL F"LAt·IES IS 5.715
THE Al-IGLE BETWEEl-1 THE C~:Al-~ I AL A~"~D OCCL_USAL F"LAr-~ES IS 19.224
I'ATA12~COMF· SI< uLL 12
X y Z
1 168.713 124.270 96.864
2 113.055 106.428 89.429
3 150.467 95.306 125.510
4 162.455 96.596 64.617
5 172.004 79.150 96.645
6 131.092 76.902 97.993
7 133.008 76.238 83.729
B 149.170 24.448 107.382
9 152.870 23.068 76.273
10 104.119 44.274 :1_22.540
11 116.058 40.839 51.778
12 174.707 52.885 99.190
13 145.502 57.851 115.942
14 153.601 57.957 67.963
15 171.202 56.448 98.279
16 147.417 57.340 113.070
17 154.599 56.822 71.754
UPF·Efi: FACIAL HE:IGHT IS 45.240
LOWEFt: f--AC:rAL HEIGHT IS 59.429
UPPE'=;: I)El·~TAL HEIG~"T IS 26.526
LOWEfi: rIEl-lTAL HEIGHT IS 38.956
~ THE ANGLE BETWEEN THE CRANIAL AND MAXILLARY PLANES IS;;




THE Al·IGLE EcETWEE1-1 THE MA~-~:ILLAf':"'" Ar·II) MAl·~r:1 I BULAfi: F-LA~'~ES IS 28.126
THE Al-lGLE EtETWEEr·, THE MAl-lr. I BULA~: A~-lI:1 MA~'lI):r BULAFi: OCCLUSAL PLAl·~ES IS 13.77(
THE Al-lGLE E<ETWEEl-~ THE MA~{:rLLAR-T· A~"ll:a MA~{:rLLAR-'" OCCLUSAL PLAr-~ES IS 14.856
THE Al:lGLE BETWEE~-l THE MAr-II):I BULAR A l·l I:' OCCLUSAL F-LA1-IEs IS 18.202
THE Al·IGLE :BETWEE~-~ THE MA~{ I LLAr:-r- Al'l!:- OCCLUSAL F-LA"~ES IS 10.318
THE Al-IGLE BETWEEl·1 T .... E CJ=;:Al·l:r AL ANI) OCCLUSAL F·LA1·IES IS 24.267
Appendix F
Projected Arch Length and Curvature
Lists tooth-to~toothmaxillary and mandibular arch length and




















































































































































































































































































































































































































































































































































































Measures of the Curve of Spee
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DIFFERENCES IN HEIGIIT TOOTH-TO-TOOTH
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